1. Purpose: 
The purpose of this standard is to provide ergonomic guidelines for the design and renovation of 
manufacturing and logistics facilities work areas. These ergonomic recommendations focus on 
work area design to fit the job to the worker to prevent injuries and disorders. The goal of 
ergonomics is to make the work area fit the operator instead of making the operator fit the work 
area. 


Within the framework of the production system, this guide serves as an aid for the design, 
implementation and improvement of the workstations including logistic operations. 


It's a guide intended for the designers and the Logistics Department to optimize the production 
system. 


This document summarizes the main ergonomic specifications and provides the general principles 
for an ergonomic approach to workstation design and for the improvements in the logistics 
perspective. 


e Unless specified otherwise, all dimensions are in mm. 


e The recommendations are those of if the local legal requirements are more stringent, these are 
to be used as the reference standard 


Glossary 


RC: Rolling chassis 

LP: Large package 

SP: Short package 

HCU: Handling and conditioning unit 
CSR: Safety or regulatory characteristic 
HU: Handling unit 

CU: Conditioning unit 
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3. Scope: 
This document applies to all Company Inc. organizations including subsidiaries, joint 
ventures, other alliances or partnerships, and company owned distributors in which 
Company has a controlling interest or management responsibility. 


This document is targeted specifically at Manufacturing and Industrial Engineers and all 
individuals responsible for designing the workplace; hereafter referred to as ‘engineers’, 
who design work areas. The principles mentioned in this document apply to all types of 
work. 


Certain values given in this standard are based on recommendations from various sources; 
however, all anthropometric values are from the United States. It is strongly suggested 
that engineers along with their Safety Leaders, in plants outside of the United States, using 
this standard refer to their local anthropometric data to more accurately design work 
areas and task to fit the demographic of their plant’s operators. Where they exist, legal 
regulations and requirements shall be followed. Engineers and plant Safety Leaders shall 
be responsible for ensuring that all relevant standards and regulations are adhered to. 


4. Applicable Documents: 
Reference Given 


5. Definitions: 


Anthropometry — The study of human body measurements used to understand 

physical variations among a population. 

Neutral Reach Zone — In this zone, the operator, standing with their back straight, 

can comfortably reach objects by pivoting forearms at the elbow, using minimal body 
movement to perform the work. 

Extended Reach Zone — In this zone, the operator may use full arm extension, from 
shoulder, without any back bending to grasp or touch an object. 

Power Zone — The Power Zone is the neutral reach zone combined with neutral posture. 
Working in the Power Zone is more efficient and less stressful on the body. 

NIOSH — National Institute for Occupational Safety and Health 
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Content: 
6.1 Workstations 
6.1.1 Human Performance Design 
Human performance design guidelines are based on functional anthropometry, 
which considers human capabilities to perform a function based on the 
following: 


Static anthropometric dimensions of the human body (e.g., length of 
a person’s forearm) 


Body motion (e.g., joint range of motion) 
Body Posture (e.g., joint angles that minimize risk) 
Strength principles (e.g., force-length 
relationship) 
Static and dynamic capacities (e.g., speed and 
accuracy) Frequency and duration of work 


Figure 6.1: Functional Anthropometry (North America) (Dimensions include 1” 
shoe height.) 
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Figure 6.2: Influences on Strength and Movement Time 
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6.1.2 Design Principles 
Do not design for the average. 


When you design for the average person, you limit the most 
(excluding approximately 67% of the working population) 


Whenever feasible, design for adjustability 


Vertical work surface heights shall provide adjustability to accommodate 
hand working heights of most of the working population. 


Visual displays shall provide adjustability to accommodate eye heights 
of most in the working population. 


Design for extremes 
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Clearances shall be designed for largest or tallest people in the 
working population (accommodate the 95" percentile male) 
Reaches shall be designed for smallest or shortest people in the 
working population (accommodate the 5* percentile female) 


Design based on functional anthropometry. 


Design reaches shall be based on postures that minimize risk, rather than 
static anthropometry (e.g., 5" percentile female reach capability with the 
back upright, arm raised 45°, elbow at 135°) 


Work shall be designed based on strength data to accommodate most in 
the working population (e.g., design to accommodate strength capability of 
75% of female working population) 


6.1.3 Seated Versus Standing 
The appropriate workstation design, seated or standing, is determined based 
on the nature of the job tasks. 


Figure 6.3: Seated versus standing. 


Standing workstations shall be designed if the job demands include: 
Heavy lifting (= 10 Ib or 4.5 kg) 
High force exertions (2 10 Ib or 4.5 kg) 
Long horizontal reach distances (2 16" or 406 mm) 
Overhead reach distances (> 62" or 1.58 m above standing surface) 
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Frequent walking (e.g., walking to storage bins) 


Seated workstations shall only be designed if the job demands include. 
Precision or visually demanding tasks. 
Continuous foot pedal activation. 
All items are within horizontal and vertical reach zones. 
No large forces, more than 4.5 kg (10 Ibs), are required 


Precise assembly/writing is done most of the time. 


If seated workstation is chosen, sitting should be limited to 55 minutes, followed 
by a change in posture to standing and/or walking. If the work area is designed 
for the operator to sit, proper leg clearance shall be provided. See Figure 6.11 
for further information concerning clearances for workers in a seated position. 
The dimensions given are based on the 5 — 95" percentile male height. (Refer 
to section 6.1.4.1 to apply horizontal work distance guidelines) While seated, an 
operator’s feet shall be supported either by the floor or by a footrest. 


6.1.3.1. Line of Sight 
Maximum viewing 


35° to either side, or 40° above or below the normal line of sight. 
Optimum viewing 


15° to either side, or 15° above or below the normal line of sight. 


Figure 6.4: Line of Sight 
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6.1.3.2. Other Considerations 
Standing workstations should be preferred to seated 
workstations because of the known mechanical changes in the 
lower back while seated: 
Back slouching postures (kyphosis), which increase 
compressive and shear forces on the discs in the 
spine. 
Intradiscal pressure 
Posterior annulus strain 
Creep in posterior passive tissues, which reduce 
anterior/posterior stiffness and increase shearing 
movement. 
Posterior migration of mechanical movement/lifting 
fulcrum, which reduces mechanical advantage of 
extensor muscles. 


Figure 6.5: Compressive Disk Pressure versus Posture 


Compressive Disc Pressure Relative 
To the Value When Standing Erect 


6.1.4 Horizontal Work Distance 
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6.1.4.1. Guidelines 

From edge of workstation or product (for seated and 
standing operations): 

Precision Tasks shall be: < 11” (279mm) 
High-frequency (2 2/minute), high-force (2 10 lb or 4.5 kg), or 
long-duration (= 10 seconds) tasks: < 16” (406 mm) 

Large product assembly tasks: < 22” (559 mm) 

Horizontal reach distance shall not exceed: 22” (559 mm) 


Figure 6.6: (Top) Horizontal Work Distance Guidelines; (Bottom) 
Horizontal grasp and normal working area at tabletop height. 
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6.1.4.2. Countermeasures 
Move task or work piece closer. 
Improve hand/tool access to task 
area Reduce task frequency. 
Improve fixture design. 


6.1.4.3. Work Examples 
Tightening a fastener 
Assembling an electrical connector 


6.1.4.4. Other Considerations 
Time or productivity penalties for longer horizontal reach 
distances: every 6" (152 mm) of horizontal reach distance is 
equal to approximately 0.2 seconds of wasted time. 
Product quality penalties: quality decreases as tasks are 
performed farther away from the body. 


6.1.5 Layout of Work 
6.1.5.1. Work Envelope 
The area wherein manual tasks can be performed easily (or at all) is 
defined by the workspace (or reach) envelope. The Work Envelope is 
measured by the Horizontal and Vertical Reach Zones (H&VRZ) 
boundaries. These reach zone boundaries move with the operator 
wherever work should be performed and are referenced to the 
operator’s body. To ensure optimal work performance and protect an 
operator from risk of harm, the engineer shall design work areas and 
tasks consistent with an operators Work Envelope as described. For jobs 
that require an operator to lift/lower, push/pull or carry objects to 
perform their task, also refer to section 6.2 Manual Material Handling. 


6.1.5.2. Horizontal & Vertical Reach Zones 


The horizontal and vertical reach zones are comprised of the neutral 
and extended reach zones, which are defined as follows: 
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Neutral Reach Zone — In this zone, the operator, standing with back 
straight, can comfortably reach objects by pivoting forearms at the 
elbow, using minimal body movement to perform the work. 
Extended Reach Zone — In this zone, the operator may use full arm 
extension, from shoulder, without any back bending to grasp or touch 
an object. 


The Horizontal Reach Zone, shown in Figure 6.6, suggests the preferred 
distance and orientation of objects so that they are easily accessible to 
the operator without causing unnecessary bending or stretching while 
performing a job task. The boundaries on the work surface define the 
area wherein all tools, controls and visual displays shall be located to 
ensure an operator can perform their work task without repetitive 
exertion on the body (e.g., back pain, neck strain, wrist inflammation, 
etc.). These tasks can include operating tools, reaching for controls, 
viewing workstation displays, etc. The boundaries are constructed 
separately for each arm and overlap in the middle where both hands can 
reach. This is the area where two-handed work can be done. The 
Horizontal Reach Zone applies even while an operator is in a seated 
position; refer to section 6.1.3 Sitting vs. Standing for guidance on 
clearances applicable to an operator in a sitting position. 


6.1.6 Vertical Reach Distance for Large Product Assembly 
6.1.6.1. Guidelines 


From standing surface: 
High-frequency (= 2/minute), high-force (= 10 lb or 4.5 kg), or 
long-duration (= 10 seconds) tasks: < 62" (1.58 m) 
Infrequent or low-force tasks shall be: < 74" (1.88 m) 


Vertical reach distance shall not exceed: 74" (1.88 m) 
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Figure 6.7: (Left) Vertical Reach Distance Guidelines; (Right) vertical. 
reach zones for an operator workstation or job task design: (A) 5% 
percentile female vertical grip reach; (B) 5th percentile female 
shoulder height; (C) 95th percentile male knuckle height. 

t 


& 180.5cm(71.1in) 


B 122.5cm(48.2 in) 


C 83.0cem(32.7in) 


Similarly, there are designated vertical reach zones for standing 
positions, as shown in Figure 6.7 that should be used in the design of a 
work area or job to accommodate for an operator’s occupational health 
while minimizing the risk of exertion and harm. 


The vertical reach limits for an operator workstation or job task design: 
5th percentile female vertical grip 
reach; 5th percentile female shoulder 
height. 
95th percentile male knuckle height 


6.1.6.2. Countermeasures 
Use mobile platform or stair 
ladders Install person lifts/booms. 
Install pits with product on height adjustable 
tables Relocate parts. 
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Reorient product with product 
rotators Reduce task frequency. 


6.1.6.3. Work Examples 
Tightening a fastener on top of generator 
Assembling hose connections at master rebuild centre. 


6.1.6.4. Other Considerations 
Time or productivity penalties for longer vertical reach 
distances: every 6" (152 mm) of vertical reach distance is equal 
to approximately 0.2 seconds of wasted time. 
Product quality penalties: quality decreases as tasks are 
performed farther away from the body. 


6.1.7 Standing Workstations 
6.1.7.1. Guidelines 
Hand working height from standing surface for assembly tasks: 
Optimal zone should be adjustable 38"—47" (0.97-1.19 m) 
Acceptable zone shall be adjustable 30"—57" (0.76—1.45 m) 
Fixed height: 42" (1.07 m) 
Precision or visually demanding tasks: adjustable 40"— 
51" (1.02-1.30 m), or fixed height 45" (1.14 m) 


Standing Workstation Clearances 
Minimum overhead clearance: 80" (2.03 m) 
Work surface thickness: < 2" (51 mm) 
Knee space depth: > 6" (152 mm) 
Knee space width: > 30" (762 mm) 


6.1.7.2. Countermeasures 
Use height adjustable work surface, 
platforms Improve fixture design. 
Prioritize workstation layout based on task 
importance Remove equipment and parts beneath 
workstation. 
Eliminate storage shelves beneath workstation. 
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6.1.7.3. Work Examples 
Engine Assembly on conveyor 
Wire harness assembly on 
table 


6.1.7.4. Other Considerations 
The vertical height of the product will determine the hand 
working height relative to the work surface. 
Know height or location at which employee’s hand interacts 
with product (top, bottom, middle, front, side, or back) 
Prioritize the vertical height of the assembly tasks in the 
operation based on highest frequency tasks or most critical 
tasks. 
Provide 10" (254 mm) of vertical height adjustability 
Part bins that support the assembly process: 
Place in front of employee, not to the side 
Horizontal reach distance: < 16" (406 mm) 
Vertical height: 24"—70" (0.61—-1.78 m) 
Tool location that supports the assembly process: 
Balanced overhead at < 74" (1.88 m) above standing 
surface, or Tool holster at 42" (1.07 m) above 
standing. 
surface 
Add 15% or more to the appropriate dimensions 


for employees wearing heavy or protective 
clothing. 
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6.1.7.5. Standing Workstation Dimensions 


Figure 6.9: Standing Workstation Diagram 
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Table 6.1: Standing Workstation Clearances by Country. See 
Figure 6.9 for measure references. 


USA/Canada Mexico Asia Europe South America 
(in) (mm) (mm) (mm) (mm) 
A 257 
B 383 
C 536 
D 51 
E 254 
F 1077-1127 _ | 1067-1117 
G 1576-1915 | 1542-1874 
H |61 1569 
I 56-70 1394-1679 1356-1680 1430-1781 1439-1743 
Table 6.2: Standing Hand Working Clearances by Country. Table 
refers to Measure F in Figure 6.9 
Precision or visually 
Optimal Zone Demanding Tasks 
Adjustable 
US/Canada (in) 41-52 
Mexico (mm) 1009-1252 
Asia (mm) 982-1253 
Europe (mm) 1034-1323 


South America (mm) 1067-1117 989-1195 1143-1193 1040-1297 


6.1.8 Display Height and Position for Standing Operations 
6.1.8.1. Visual display: 
Optimal height (top of screen) adjustable 58"— 71" (1.47— 
1.80 m) above standing surface, or fixed height 66" (1.68 
m) above standing surface 
Optimal viewing distance adjustable 18"—30" (457-762 
mm), or fixed viewing distance 23" (584 mm) 


Position in front of employee (not beside or 
behind) when information is viewed. 
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6.1.8.2. Touch Screen 


Optimal height (top of screen) adjustable 47"—71" (1.19- 1.80 
m) above standing surface, or fixed height 59" (1.50 m) above 
standing surface 

Optimal touch distance: < 22" (559 mm) 
Position displays perpendicular to standing surface or tilt 
slightly downward to avoid glare. 


Figure 6.10: Display Height and Position for Standing Operations 
Bs 
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6.1.8.3. Countermeasures 
Height adjustable display arms 


Larger font and display screen for displays more than 30" 
(762 mm) away. 


6.1.8.4. Work Examples 


CNC control panel 
Work instruction display screen. 
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6.1.8.5. Other Considerations 


Limit neck bending and twisting to < 20°, eliminate neck extension 
while viewing. 

Comfortable line of sight is directly ahead and 15° below 

horizon Comfortable eye deviations are 15° above or below and 
right or 

left of the comfortable line of sight 


6.1.9 Seated Workstations 
6.1.9.1. Guidelines 
Hand working height for assembly tasks from floor surface, for 
precision or visually demanding tasks: 
Adjustable height: 27"—36" (686-914 mm) 
Fixed height shall be: 36" (914 mm) 
Not-to-exceed hand working height: 36" (914 mm) 
Work surface thickness: < 2" (51 mm) 
Knee space depth: = 18" (457 mm) 
Knee space width: > 30" (762 mm) 


Thigh clearance between seat pan and underside of work surface = 
8" (203 mm) 


6.1.9.2. Countermeasures 

Use height adjustable work surface. 
Use height adjustable chair with footrest (if 
necessary) Optimize/prioritize workstation layout. 
Remove equipment and parts beneath 
workstation Eliminate storage shelves beneath 
workstation. 


6.1.9.3. Work Examples 
Assembly of circuit boards on worktable 
Inspection of medical devices 


6.1.9.4. Other Considerations 
The vertical height of the product will determine the hand 
working height relative to the work surface. 


Know height or location at which employee’s hand interacts 
with product (top, bottom, middle, front, side, or back) 
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Prioritize the vertical height of the assembly tasks in the 
operation based on highest frequency tasks or most critical 
tasks. 

Provide 9" (229 mm) of vertical height adjustability. 
Add 15% or more to the appropriate dimensions for 
employees wearing heavy or protective clothing. 
Part bins that support the assembly process: o 
Place in front of employee, not to the side of 
Horizontal reach distance: < 16" (406 mm) o 
Vertical height: < 46" (1.17 m) 


Tool location that supports the assembly process: 


o Balanced overhead at < 46" (1.17 m) above floor surface, or o 
Tool holster at 36" (914 mm) above floor surface 


Displays that support the assembly process: 


o Optimal display height (top of screen) adjustable between 35"—46" 
(0.89-1.17 m) above floor surface 
o Fixed display height of 46" (1.17 m) 


o Optimal viewing distance adjustable 18"—30" (457-762 mm), or 
fixed viewing distance 23" (584 mm) 

o Position in front of employee (not beside or behind) when 
information is viewed 


6.1.9.5. Seated Workstation Dimensions 
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Figure 6.11: Seated Workstation Dimensions 


Table 6.3: Seated Workstation Dimensions by Country. See Figure 6.11 
for measure references. 
USA/Canada Mexico Asia Europe South America 
(mm) 
536 
383 
257 
51 
254 
684-735 669-719 
a6 SSS sa 77 1183 
1045-1293 _| 1052-1266 


550 1320 1321 1402 1372 
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Table 6.4: Seated Hand Working Heights by Country. Table refers to 
Measure F in Figure 6.11. 
Precision or visually 
Optimal Zone Demanding Tasks 


Adjustable 
US/Canada (in) 26-33 
Mexico (mm) 635-794 
Asia (mm) 618-794 
Europe (mm) 650-837 
South America (mm) 654-821 


6.1.10 Anti-Fatigue Floor Matting 
6.1.10.1. Guidelines 
Provide industrial mats for employees who stand for 90% or more of 
their working hours. 
Thickness: = 0.5" (13 mm) 
Interlocking edges to securely join adjacent 
pieces Beveled edges to minimize trip hazards. 
Place industrial mats at least 8" (203 mm) under a workstation or 
conveyor to prevent uneven standing surfaces. 
If operators are required to stand, anti-fatigue mats shall be provided 
as long as they do not create a trip hazard. Anti-fatigue insoles should 
also be considered as a substitute for anti-fatigue mats. In addition, 
footrests shall be added, where possible, to allow the worker to be in 
various positions. 


6.1.10.2. Other Considerations 
During prolonged standing on hard surfaces, there is a lack of 
venous return and arterial circulation in the lower extremities 
that can cause the feet to swell and can lower skin 
temperatures, increasing leg discomfort and fatigue. 
The elastic surface of anti-fatigue matting works by creating a 
slightly unstable standing surface. Small amounts of muscle 
activity are required to maintain balance while standing on the 
matting. The muscle activity promotes blood flow and 
prevents leg discomfort and fatigue. 
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Industrial mats significantly reduce discomfort compared 
to standing on concrete. 

Order mats to meet specific drainage, burn resistance, and 
hygiene requirements. 


6.1.11 Automation and Fixture Criteria 
6.1.11.1. Guidelines 
6.1.11.2. For inserting raw parts into automated machines: 


Fixtures should be designed so parts are guided into place 
(flanged openings, beveled edges) 
Use laser pointers to indicate part location, orientation, 
alignment Provide poka-yoke (error proofing) mechanisms in 
machines and 
fastening devices to prevent human error. 

For retrieving parts: 


Automatically move parts to position of use (screw feeder 
or powered conveyors) 


Dispense parts using magazines to standard pick location and 
part orientation, to eliminate part separation and retrieval time. 


Locate parts in standard locations (heights and distances) to 
reduce search times. 


Automatically eject parts after processing to eliminate manual 
part removal and allow immediate insertion of next part (fixture 
ejectors) 


Parts should automatically move to next processing station 
without manual effort (powered or gravity conveyors) 

Tools and machines should automatically return to initial or start. 
position to eliminate searching (tool balancers or CNC lathe) 


6.1.12 Flow 


6.1.12.1. Guidelines 
Standardize work procedures to ensure right tool is used for 
right task and improves process stability and product quality. 
Design for one-piece flow to reduce repetitive and/or static 
work postures and promote efficient work procedures and to 
reduce multiple part handling. 
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Promote movement through the U-shaped work cell (e.g., 

one employee walks the part through the series of 
workstations) to support adequate blood flow. 

The workflow should be designed to avoid static working 
conditions to minimize muscle fatigue and reduced blood 
flow. 

Design for U-shaped work cells to optimize space utilization and 
resource allocation. 

Arrange part storage bins in sequence of tasks whenever 
possible Order assembly tasks to minimize distance between 
tasks. 

Minimize multiple handling of parts and tools to reduce 
wasted motion time. 

Present parts in storage bins in same orientation as assembled 
to eliminate part reorientation. 

Present tools in same orientation as used during assembly 

to eliminate tool reorientation. 

Maintain consistent hand working heights throughout part 
retrieval and assembly tasks to reduce wasted motions. 
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6.2 Manual Material Handling 
6.2.1 Manual Material Handling Introduction 
Material Handling, for the purpose of this standard, is defined as the movement 
of material or the performance of work that is within the operators Work 
Envelope as defined in section 6.1.5.1 Work Envelope, even if the worker is 
working away from the designated work area. Ideally, all moving of material is to 
be performed in the Neutral Reach Zone. 


Material Handling is comprised of three key components: 


Lifting and Lowering 
Pushing and Pulling 
Carrying 


There are several tools that can be used to quantify reasonable limits with 
respect to material handling. It is recommended to utilize the NIOSH lifting 
equation for evaluation of material lifting and lowering tasks. If you have any 
questions on how to apply the equation, consult your plant Safety Leader for 
more detail. 


6.2.2 Recommended Weight for Lifting and Lowering 
6.2.2.1. Guideline 
The recommended weight lifted should not exceed 35 Ibs. (16 kg.). If 
there is an existing guideline, legal or site requirements, lower than 35 
lbs. (16 kg), adhere to that. This value constitutes the weightlifting 
guideline for two-handed lifting under ideal lifting circumstances. If any 
of the following are present, consult the NIOSH lifting equation for 
recommended weight limit (RWL) and work to achieve Lifting Index less 
than or equal to 1.0: 


Frequency of lift is greater than 1/minute > NIOSH. 
Part or all the lift is outside the Power Zone > NIOSH. 


Furthermore, it is recommended to complete the NIOSH lifting 
equation for all lifts over 18 lbs. (8 kg.) with the goal of improving 
conditions to achieve 1.0 or lower Lifting Index. 
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6.2.2.2. Countermeasures 
Improve height using. 
Height adjustable lift 
table o Load leveler 
o Raised platform 


o General hand working height for manual material handling 


(from standing surface): 
Optimal zone: adjustable 38"-49" (0.97-1.25 m) 


Acceptable zone shall: adjustable 24"-62" 
(0.61-1.58 m) 


Reduce load weight 

Use mechanical 

assist. 

Provide handles or clamps, if possible, to improve hand 
coupling of load 

Redesign object to allow two-handed lifting, see section 6.2.4 
Reorient object to allow neutral wrist posture, see section 
6.2.6 Consider reach distances when designing and 
implementing. 

packaging/line-side presentation 


6.2.2.3. Work Examples 
Grasping part from machine 
Preventive maintenance or set-up 
tasks Lifting bag from pallet. 
Retrieving box of parts from shelf 
Retrieving parts from bins/containers 


6.2.2.4. Other Considerations 

Wrist angle affects grip strength (non-neutral postures reduce 
grip strength further) 
Repetition of lift affects grip strength (tasks done more 
frequently than one lift every 5 minutes reduce grip strength) 
Hand coupling affects ease of lift (consider adding proper 
handles or clamps for power-grip postures) 

Measurement tools for conducting analyses. 

Tape measure; scale 
Use appropriate analysis tool(s): 
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NIOSH Lifting Equation 

Snook & Ciriello Lift Guidelines 
For one-handed, infrequent lifting (<2/minute) from hand 
working heights 25”-50” (0.64-1.27 m), see Figure 6.14. 


Figure 6.14: Acceptable Weights for Various Object Widths (Bare- 
Handed and with Cotton Gloves) 


Bare Handed "A" 


Catton Gloves "6" 


Object Width as Grasped 


6.2.3 Pushing, Pulling, and Carrying 
6.2.3.1. Pushing and Pulling 
Pushing is to apply force to cause or tend to cause motion away from the 
source of the force. Pulling is to apply force to cause or tend to cause 
motion toward the source of the force. 


Using Tables 6.5 and 6.6, these steps shall be followed to 
determine push/pull weights: 
Select the push vertical distance — The height of the push or pull. 
Select the frequency of the push/pull. 
Select the push distance — The distance of the push or pull 
from beginning to end. 
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Select the type of push/pull — Initial force is only needed to get the 
object moving. Sustained force is constantly applied to keep the 
object moving. 

Choose the acceptable pushing force. 


Table 6.5: Recommended Pushing Force in Metric Units 
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Table 6.6: Recommended Pushing Force in Imperial Units 
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6.2.3.2. Carrying 

Carrying is defined as the actual transport of an object. Carrying will 
often be preceded or succeeded by a lift or lower, therefore take the 
lowest weight recommendation between the carry and lift/lower. 


Using Tables 6.7 and 6.8, these steps shall be followed to 
determine carrying weights: 
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Select the carrying height - If you are not sure how the object 
will be carried select the more conservative weight figure. 
Select the frequency of the carry. 

Select the distance of the carry. 

Choose the acceptable weight of carry. 


Table 6.7: Recommended Weight of Carry in Metric Units 


pf ise ectcaytem) 


per Imin 


pF Ritace of Carry fn] 
[| Frequency of Carry | 


Frequency of Car Maximum Acceptable Weight of Carry (Ib 
per Imin 


6.2.4 Two-Person Lift 
6.2.4.1. Guidelines 
Two-person lifting shall only be a temporary solution while 
engineering changes are investigated (e.g., lift assist) 
For sheet handling (metal, plywood, glass, paneling), limit weight 
to 44 1b (20 kg) (due to difficulty in grasping load) 
Prior to a two-person lift, both individuals should discuss lift 


path and plan to avoid surprise movements (synchronize 
movements) 
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Limit lift length to 1 minute to reduce potential muscle 
fatigue accumulation and disproportionate loading between 
litters. 

Provide engineering solutions to slide objects weighing more 
than 60 1b (27 kg) rather than lifting with a two-person team. 


6.2.4.2. Countermeasures 
Use lift assist to move material. 
Use conveyance method to eliminate need to lift materials 
(carts, conveyors) 
Reduce material size or weight to allow a single person lift. 


6.2.4.3. Work Examples 
Handling long metal sheets, plywood, or pipes at construction 
sites Carrying a large roll of material 
Transporting large panels to a worktable 


6.2.4.4. Other Considerations 
Stairs, slopes, and platforms reduce lifting capability of two- 
person teams (one person may have to support the bulk of the 
load at times) 
Utilize individuals of similar size and strength; if heights vary 
drastically, the cumulative effects of spinal loading will be 
greater for taller individuals. 


6.2.5 Horizontal Reach 
6.2.5.1. Guidelines 

Frequent reach zone (> 2/minute): < 16" (406 mm) from edge 
of container 
Infrequent reach zone (< 2/minute): < 22" (559 mm) from edge 
of container 

Minimize soft tissue compression from hard or sharp edges. 

Toe clearance to minimize reach: 8" (203 mm) height and depth. 


6.2.5.2. Countermeasures 
Height and tilt adjustable table 


30 Industrial Ergonomics Standards 


Rotating load leveler 
Drop-down sides on large containers (in conjunction with 
proper hand working heights) 

Extension tool to retrieve product. 

Padding along work area to minimize soft tissue compression. 


6.2.5.3. Work Examples 
Retrieving parts from container 
Palletizing material at various heights 


6.2.5.4. Measurement Tools 
Tape measure 
If two-handed lift is required, the NIOSH Lifting Equation shall 
be used to determine if lift is within recommended guidelines. 


6.2.6 Part Presentation 
6.2.6.1. Guidelines 

Present parts in same orientation as they are assembled 
to minimize part handling. 
Design dunnage with spacers to improve access to 
parts Present parts individually to employee using 
dispensers, 
magazines, pre-formed dunnage, etc. 
Present more frequently used parts and heavy or bulk 
parts between 38"—49" (0.97-1.25 m) above standing 
surface 


6.2.6.2. Countermeasures 
Mechanically reorient parts prior to employee 
handling Redesign dunnage to improve part 
presentation. 


6.2.6.3. Work Examples 
Reorienting part from vertical to horizontal 
orientation Rotating part to install into machine 
fixture. 


6.2.6.4. Other Considerations 
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Part stack-up may increase force exertions required to separate 
and obtain parts. 
Design dunnage to optimize part count and delivery costs. 


6.2.6.5. Measurement Tools 
Tape measure 


6.2.7 Conveyors 
6.2.7.1: Guidelines 
Figure 6.15: Work height and reach distances. 


Working Height 
Hand working height range: 38"—49" (0.97—1.25 m) 


Reach distance (from the front of the workstation or product): 
Precision tasks: < 11" (279 mm) 
High frequency (2 2/min) or high force (2 10 Ib) tasks: < 
16" (406 mm) 
Large product assembly tasks: < 22" (559 mm) 
Not-to-exceed horizontal reach distance: 22" (559 


mm) Clearances: 


Work surface thickness: < 2" (51 mm) 


Knee space depth: > 6" (152 mm) 
o Knee space width: = 30" (762 mm) 
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Conveyor selection: 


Powered, if parts movement exceeds strength 
guidelines o multi-directional, if parts must be rotated or 
reoriented o Slides/chutes, if containers always move in 
one direction of Spiral, if space is limited and parts are 
small. 


o Gravity, if loads are lightweight or containers are small o 
curved skate wheel, if moving around corner or bend o 
Expandable skate wheel, if work layout must be flexible o 
Floor-mounted roller, if handling heavier pallet loads 


6.2.7.2. Countermeasures 
Use height adjustable conveyor (at least 10" or 254 
mm) Reduce conveyor width or use diverters. 
Reposition conveyor for easier loading. 


6.2.7.3. Work Examples 
Retrieving parts from conveyor 
Transferring loads for packaging 


6.2.7.4. Other Considerations 
Dimensions of material being 
transported Preventive maintenance of 
conveyor parts Load-carrying capacity. 
Flow rate (units per hour) should be adjustable or 
automated (speed up, slow down) 
Conveyor support type (stand, wall-mounted, suspended, 
etc.) Environment: 


Level or grade changes in the floor 
Conditions of work area (moisture, dust, clean room, etc.) 


6.2.7.5. Measurement Tools 
Tape measure 
Obtain part weights and production standards for 
other considerations (conveyor capacity and flow 
rates) 
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6.2.8 Drums 


6.2.8.1. 
Guidelines 


Use powered equipment (hoist or forklift) for drums 
whenever possible. 
or, if necessary, can use dolly/hand cart to handle 
drums weighing < 250 lb (113 kg) 
Use low-profile equipment when drums are used (scales, 
pallets, etc.) 
Manual drum handling techniques: 
Tip on edge (to get hand cart or dolly underneath) 
Lift and rotate (from vertical to horizontal or vice versa) 
Roll on edge (chiming) 
Wheel design for the 
cart/dolly: 
Recommended minimum wheel diameter of 8" (203 mm) 
Front wheels swivel for pulled carts. 
Back wheels swivel for pushed carts. 


6.2.8.2. Countermeasures 

Use drum dolly/cart to transfer drums. 
Use drum lifter or rotator to lift or empty 
containers Use siphons/pumps to remove 
material. 
Use false-bottom or spring-loaded drum to raise working 
height toward bottom of drum. 

Design drum with lightweight material 


6.2.8.3. Work Examples 
Transferring drums to fill 
station Removing product from 
drums. 


6.2.8.4. Other Considerations 
Environment: 
Floor material (low friction eases 
movement) to Avoid slopes, curbs, and stairs. 
o Remove obstacles along path (ridges or cracks in floor) 
to Avoid congested areas to minimize maneuvering 
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When pouring drum contents, use a stand, fixture, or fixed 
object to support container weight. 
Design workstation to allow simultaneous pouring and 
measuring Caster/tire composition (harder material reduces 
required force) 
Polyurethane: durable, chemically inert, non-sparking, 
non- 
conductive, non-marking 
Forged steel: heavy-duty, high capacity (up to 20,000 Ib 
or 9072 kg) 


Plastic: oil and water resistant, non-sparking, cost-effective 
o Pneumatic: cushioned ride for transfer of delicate items, can 


roll over lips and rough surfaces. 
Tread of wheel (crowned tread is easier to move than flat, 
wide tread) 


6.2.8.5. Measurement Tools 
Scale 
Push/pull gauge; measure both initial force (to overcome 
inertia) and sustained force (to maintain momentum) 


6.2.9 Flow Racks 
6.2.9.1. Guidelines 
Retrieval height (frequent): 38"—49" (0.97-1.25 m) 
Replenish height (infrequent): 38"—62" (0.97 —1.58 m) 
Rack angle: 0°—30° 
Bin dimension recommendations: 
Width < 14" (356 mm); maximum 20" (508 mm) 
o Length < 20" (508 mm); maximum 24" (610 mm) 


o Depth < 6" (152 mm); if depth > 6" (152 mm), provide 
front cutout 
Minimum clearance between levels: 5" (127 mm) (from top of 
the bin front to the bottom of the next shelf height) 
Minimum horizontal hand clearance between the edge of the box 
and the closest structure of the flow rack should be 4” on each 
side. 


6.2.9.2. Countermeasures 
Use gravity flow racks to minimize material handling. 
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Minimize weight in container if it is to be manually handled. 


6.2.9.3. Other Considerations 

For storage rack design: 
Hand clearance between rows of bins depends on size of 
parts/objects 
Use middle shelves for heavier or more frequently 
used containers. 
Use low and high shelves for lighter-weight containers 
or empties. 

Part bins: 
Place in front of employee, not to the side 


Horizontal reach distance: < 16" (406 mm) 
o Vertical height: 24"—70" (0.61—1.78 m) 


6.2.9.4. Measurement Tools 
Tape measure 
Protractor to measure angle 


6.2.10 Small Containers (Trays, Totes, Cases, Boxes) 


6.2.10.1. Guidelines 
Dimensions for trays/totes/cases/boxes: 
Width < 14" (356 mm); maximum 20" (508 mm) 
Length < 20" (508 mm); maximum 24" (610 mm) 
Depth < 6" (152 mm); if depth > 6", provide front cutout 
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Figure 6.16: Container dimensions and handles/handholds 
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Container handles: 
Provide handles/handholds at both ends. 
Minimum handle length 4.5" (114 mm) (5" or 127 mm ideal) 
For low storage heights (< 40" or 1.02 m) see handhold cutout 
and drawer pull in Figure 6.16: 
o Handhold cutout length 4.5" (114 mm), height 1.5" (38 
mm), thickness 0.4" (10 mm), or drawer pull height 
2.8" (71 mm), width 1.3" (33 mm), thickness 0.4" (10 
mm) 
For high storage heights (> 40" or 1.02 m) see contoured 
gripping block in Figure 6.16: 
o Use contoured gripping block, height 2.5" (64 mm), narrow 
width 0.5" (13 mm), wide width 0.8" (20 mm) 


6.2.10.2. Countermeasures 
Redesign container with 
grips/handholds Reduce weight or use 
smaller containers. 
Provide front cutouts on bins to reduce pressure 
points Tilt container to reduce reach distance. 


6.2.10.3. Work Examples 
Carrying parts container to work area. 


37 Industrial Ergonomics Standards 


Retrieving screws from parts bin 


6.2.10.4. Other Considerations 
Hook or oblique grasps are preferred over lateral pinch grasps 
or grasps that put pressure on a localized area. 

Select and use proper container for material. 

Avoid load shifting by using dividers or baffles 
Keep load uniform in container. 

Keep centre of load below handles. 

Minimize weight in container if it is to be manually handled. 
Consider lifting frequency in container design (increasing the 
rate of lifting reduces maximum acceptable weight). Use NIOSH 
Lifting Equation or Snook and Ciriello tables to determine 
acceptable weights for specific lifting tasks. 


6.2.10.5. Measurement Tools 
Tape 
measure 


Scale 


6.2.11 Lift Tables/Load Levellers 
6.2.11.1. Guidelines 
Minimum 36" (914 mm) of height adjustability 
Powered adjustments preferred over manual. 
Hand controls preferred over foot pedal activation. 
Controls should be easy to reach (within 16" or 406 
mm) Use rotating top to reduce reach. 
Use low-profile table if forklift use is limited (use hand truck to 
deliver pallets of material) 
Use load levellers if load changes constantly (layers of 
product being loaded or unloaded) 
Provide tilt adjustability to reduce reach (ensure product/load 
is stable) 
6.2.11.2. Countermeasures 
Modify lift table surface to improve handling (roller or skate 
wheel conveyor surface, ball roller surface, low-friction slip sheet) 
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Retrofit table with tilt adjustability to reduce reach distances. 


6.2.11.3. Work Examples 
Palletizing material at end of line (finished 
goods) Retrieving parts for assembly. 


6.2.11.4. Other Considerations 

Preventive maintenance of lift table or load leveler 
mechanisms Floor space should accommodate required 
workstation and 
equipment footprint 

Use adequate guarding and accordion cover when necessary. 
Select table based on load capacity and size; use smallest 
table possible to reduce reach distance and footprint. 

Label and color-coded controls (up/down) to minimize error. 


6.2.11.5. Measurement Tools 
Tape 
measure 


Scale 


6.2.12 Lift Assists 
6.2.12.1. Guidelines 
Handle criteria: 
Positioned < 18" apart (457 mm) 
Height 36"— 45" (0.91—1.14 m) from floor; 
adjustable preferred over fixed 
Maneuvering forces (two hands at elbow height): 
Frequent > 2/min: 11.8 lb (5.4 kg) 
Infrequent < 2/min: 29.5 lb (13.4 kg) 
Visual access to end effector 
Convey proper grasp of object to employee. 
Use Intelligent Assist Devices (IAD) when possible, to reduce 
initiating forces. 
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Figure 6.17: Lift assist 


6.2.12.2. Countermeasures 
Design flexibility and adjustability into lift assist (adjustable 
handle angles/widths) 
Use customized end effectors (for ease of use) 
Use universal end effectors that can be used for several parts. 
Use multiple-part end effectors to handle more than one part 
at a time. 


6.2.12.3. Work Examples 
Transferring parts from conveyor to pallet 
Removing parts from auto assembly 
fixture Maneuvering or reorienting objects 


6.2.12.4. Other Considerations 

Place tension or balance control of height adjustment within 
easy reach 

Use floating handles to maintain consistent hand height. 
Involve employees during prototype and testing, work 
with vendors to trial lift assists. 
Design product packaging to allow access for lift assist 
Lift assist material should be lightweight. 
Hinged arms provide more flexibility and maneuverability 
than fixed arms. 

Preventive maintenance of lift assist device 
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Label and color-coded controls (up/down) to minimize 
error Environment: 
o Removell obstacles (structural columns, pallets, etc.) 
along lift assist path 
Avoid congested areas to minimize maneuvering time. 


6.2.12.5. Measurement Tools 
Tape measure 


6.2.13 Hand Carts, Hand Trucks, and Trolleys 
Refer to section 6.2.3.1 for force guidelines for pushing and pulling. 
6.2.13.1. Guidelines 
Cart handles: 
Continuous vertical handles preferred. 
Position separated handles maximum 18" (457 mm) 
apart Height: 36"—45" (0.91—1.14 m) from floor. 
Diameter: 1.5" (38 mm) 
Length: minimum 5" (127 mm) for bare hand, 5.5" (140 mm) 
for gloved 


Pushing/pulling: 
Replace with powered vehicles when distances 
are o > 52 feet (16 m) for 2-wheeled carts. 
o > 108 feet (33 m) for 4-wheeled carts 
Pushing preferred over pulling 
General push/pull guidelines are provided for various distances 
and frequencies; see section 6.2.3 for additional detail. 
Avoid stacking products, which may obstruct the field of vision. 
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Figure 6.18: Hand Cart 


6.2.13.2. Countermeasures 
Use recommended diameter wheels/casters, see section 
6.2.14 Change composition of wheels. 


Use powered 
pusher Reduce load 
on cart. 


Use lightweight cart material. 


6.2.13.3. Work Examples 
Pushing cart of parts to machine 


Transferring parts to next 
workstation Maneuvering manual 
pallet jacks 


6.2.13.4. Measurement Tools 
Tape measure 
Push/pull gauge; measure both initial force (to overcome 
inertia) and sustained force (to maintain momentum) 


6.2.14 Wheels/Casters 
6.2.14.1. Guidelines 
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Recommended minimum wheel diameter of 8" (203 mm) 
Front wheels should swivel for pulled carts; back wheels 
should swivel for pushed carts. 

Tread of wheel (crowned tread is easier to move than flat, 
wide tread) 


Select wheel material, hardness, and caster configuration 
according to application, load requirements, floor conditions, and 
environment. 

Caster/tire composition (harder material reduces required force) 
Polyurethane: durable, chemically inert, non-sparking, 
non- 
conductive, non-marking 
Forged steel: heavy-duty, high capacity (up to 20,000 Ib 
or 9,072 kg) 

Plastic: oil and water resistant, non-sparking, cost-effective 
Pneumatic: cushioned ride for transfer of delicate 
items, can roll over lips and rough surfaces 
Environment: 
Hard, dry floor is best. 
Avoid slopes, curbs, and stairs. 
Remove obstacles (ridges or cracks in floor) 
Avoid congested areas to minimize maneuvering. 
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Table 6.9: Caster Configurations 


Configuration Features 
4-Wheel Non-Tilt * Multi-directional = 
(all swivel) " Ideal for confined areas Pree \ 
* Difficult straight line travel cf 2 f 
" Not towable > 
4-Wheel Caster Steer " Most common & 
(2 swivel, 2 rigid) " Easy tuming, straight line travel s , 
* Trails well pa oe 
4-Wheel Diamond * Center point pivot Pg 
Pattern (all rigid) * Suitable for light loads ry o 
* No lateral translation o S 
4-Wheel Diamond =" Tums, maneuvers well 
Pattern (2 swivel, " No center point pivot (2 en 
2 rigid) : Fe roy 
* No lateral translation S a 


* Difficult to tow in a train 


6-Wheel Tilt (4 swivel, 
corners; 2 rigid, 
middle) 


4-Wheel Wagon 
(2 swivel, 2 rigid) 


6.2.14.2. 


*" Recommended for heavy loads, 


longer platforms GS 
s 


" Middle wheels slightly above a 
rolling surface eg 


" 4-wheel contact 

* Noisier due to rocking (tilt) 

" Good maneuverability for pulling 

" Recommended for light loads % 
" No lateral translation % R 5 
* Trails well 3 2 


Countermeasures 


Use larger wheels and wheel/caster shocks, especially when 


rolling over uneven surfaces. 

Conduct routine preventive maintenance on all 
wheels/casters Select appropriate wheel/caster 
configuration. 
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6.2.14.3. Work Examples 
Pushing/pulling a parts cart or rack toa 
workstation Maneuvering a dolly in a work area 
Transporting large products on a flatbed 


6.2.14.4. Other Considerations 
A larger diameter requires less force to push/pull when the rolling 
surface is uneven. On a flat surface, diameter has little influence 
on push/pull force. 
Harder material is more susceptible to flat spotting if left under a 
load for a period and creates more noise. Debris embeds more 
easily in a harder wheel, potentially impeding rolling. Softer 
material is more elastic, which results in smoother rolling. 
Implement shock absorption functionality to reduce exposure 
to vibration and noise and provide smoother travel. 
Use worst-case scenario to measure push/pull forces; position 
swivel wheels perpendicular to direction of movement before 
measuring and conduct measurement on least favourable 
rolling surface (incline, rough terrain), taking multiple 
measurements for initial and sustained push/pull forces. 
Wheel brakes or wheel locks shall be implemented 
for loading/unloading material on cart. 


6.2.14.5. Measurement Tools 
Tape measure 
Push/pull force gauge, measure both initial and sustained force. 


6.3 Hand and Arm Strength 
6.3.1.1. Force Guidelines 


Force guidelines are provided to accommodate a full range of healthy, 
working-age adults. Guidelines include both frequent (2 2 force 
applications per minute) and infrequent (< 2 force applications per 
minute) situations. 


Two types of guidelines are provided: 
Recommended: to optimize human performance 
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Acceptable: not-to-exceed 


6.3.2 Machine/Part Assembly/Tool: 
6.3.2.1. Finger Push 
Figure 6.19: 1 Index finger push 


Table 6.10: Finger Push Force Guidelines 


Force Exertions: Frequent (2 2/min) Infrequent (< 2/min) 
Finger Push Recommended | Acceptable | Recommended | Acceptable 
1 index finger 3.41b(1.5kg)  51b(2.3kg)  861b(3.9kg) 11.2 b (5.1 kg) 
2 fingers on 5.0 lb 7.5 Ib 12.5 Ib 16.3 Ib 
same hand (2.3 kg) (3.4 kg) (5.7 kg) (7.4 kg) 
2 fingers on 11.0 Ib 16.5 Ib 27.5 |b 35.8 Ib 
different hands (5.0 kg) (7.5 kg) (12.5 kg) (16.3 kg) 
Countermeasures 


Optimize fasteners. 

Use alternative fasteners. 
Provide external assistance (powered 
tool) Allow for two-handed operation. 


Work Examples 
Push nuts, push pins, Christmas-tree 
fasteners Part connection 
Assembly tasks 


Other Considerations 
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Design application to allow power grip. 


Design application for whole hand or multiple fingers 


Measurement Tools 
Force gauge/transducers 


6.3.2.2. Finger Pull 
Figure 6.20: 1 Finger pull 


D \ YD 


Table 6.11: Finger Pull Force Guidelines 


Borce Pxctions: Frequent (2 2/min) Infrequent (< 2/min) 

Finger Pull Recommended | Acceptable | Recommended | Acceptable 

4 finger 3.9lb(1.8kg) | 6.0lb(2.7kg) 961b(4.3kg) 12.5 lb (5.7 kg) 

2 fingers on 8.4 Ib 12.5 |b 20.9 Ib 27.1 |b 

same hand (3.8 kg) (5.7 kg) (9.5 kg) (12.3 kg) 
Countermeasures 


Use optimal release mechanisms. 


Work Examples 
Breaking down collapsible 
bin’s Assembly/disassembly 


Other Considerations 
Design application to allow power grip. 
Design application to allow multiple fingers. 
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Measurement Tools 

Force gauge/transducers 
6.3.2.3. Thumb Push 
Figure 6.21: 1 Thumb push 


Table 6.12: Thumb Push Force Guidelines 


Force Exertions: Frequent (2 2/min) Infrequent (< 2/min) 

Thumb Push Recommended | Acceptable | Recommended | Acceptable 

1 thumb 5.3lb(2.4kg)  8.0lb(3.6kg) 13.3lb(6.0kg)  17.31b (7.8 kg) 

2 thumbs 10.0 lb (4.5kg) 15.0lb(6.8kg) 25.01b(11.3kg) 32.5 lb (14.7 kg) 
Countermeasures 


Optimize fasteners. 

Use alternative fasteners. 
Provide external assistance (powered 
tool) Allow for two-handed operation. 


Work Examples 
Part installation 
Push nuts, push pins, Christmas-tree 
fasteners Part connection 
Push wire harness 


Other Considerations 
Design application to allow power grip. 
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Design application for two hands 


Measurement Tools 
Force gauge/transducers 


6.3.2.4. One-Handed Pinch-Grip 
Figure 6.22: Chuck pinch grip with no wrist deviation 


Table 6.13: One-Handed Pinch-Grip Force Guidelines 


Force Exertions: Frequent (2 2/min) Infrequent (< 2/min) 
Pinch Grip Recommended | Acceptable | Recommended | Acceptable 
Chuck pinch grip* 2.0 Ib 2.4 Ib 4 4.0 Ib 5.1 Ib 
(with wrist deviation’) | (0.9 kg) (1.1 kg) (1.8 kg) (2.3 kg) 
+ ai 
Chuck pinch grip 3.2 Ib 4.7 |b 7.9 Ib 10.3 Ib 
(no wrist deviation) (1.4 kg) (2.1 kg) (3.6 kg) (4.7 kg) 
Key pinch grip* 2.0 Ib 2.9 Ib 4.8 |b 6.3 Ib 
(with wrist deviation) (0.9 kg) (1.3 kg) (2.2 kg) (2.9 kg) 
Key pinch grip 3.9 Ib 6.0 Ib 9.7 Ib 12.6 lb 
[ (no wrist deviation) (1.8 kg) (2.6 kg) (4.4 kg) (5.7 kg) 


*Chuck pinch grip: thumb opposing the pads of the index and middle 
fingers 

Wrist deviation: noticeable flexion, extension, ulnar, radial 
£ Key pinch grip: thumb opposing the side of the index finger 


Countermeasures 
Use power/air 
tools Use 
fixtures/jigs. 


49 Industrial Ergonomics Standards 


Work Examples 
Installing parts 


Joining electrical connectors 
Manually holding parts during assembly tasks 


Other Considerations 
Design application to allow power grip. 
Design for assembly to allow neutral hand/wrist postures. 
Optimal grip span is 1.1” (28mm) 


Measurement Tools 
Force gauge/transducers 
Psychophysical comparison using grip meter. 


6.3.2.5. Power-Grip 
Figure 6.23: 1 Hand power grip with no wrist deviation 
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Table 6.14: Power-Grip Force Guidelines 


Force Exertions: 
Power Grip 


(with wrist deviation) 


2 hands 
(no wrist deviation) 


1 hand 9.5 Ib 15.9 Ib 20.7 Ib 

(with wrist deviation’) (2.9 kg) (4.3 kg) (7.2 kg) (9.4 kg) 

1 hand 12.7 Ib 19.1 Ib r 31.8 Ib 41.3 Ib 

(no wrist deviation) (5.8 kg) (8.7 kg) (14.4 kg) (18.7 kg) 
—t- 

2 hands 22.6 Ib 29.3 Ib 


(10.2 kg) 


Wrist deviation: noticeable flexion, extension, ulnar, radial 


Countermeasures 


Use power/air 


tools Use 
fixtures/jigs. 


Work Examples 


Using hand tools (clippers, etc.) 


Manually holding parts during assembly tasks 


Other Considerations 


Design for assembly to allow neutral hand/wrist 
postures Optimal grip span is 2" (51 mm) 


Measurement Tools 


Force gauge/transducers 
Psychophysical comparison using grip meter. 


6.3.2.6. 


Push/Pull with Grip Force 
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[Frequent @®2inin) | __Wequont(2min) 


(13.2 kg) 


Figure 6.24: Push/Pull with 1 handed grip. 


Table 6.15: Push/Pull with Grip Force Guidelines 


Force Exertions: Frequent (2 2/min) Infrequent (< 2/min) 

Push/Pull Recommended | Acceptable | Recommended | Acceptable 

With 1-handed grip on 6.7 Ib 10.1 Ib 16.9 Ib 21.9 Ib 

plastic surface (3.1 kg) (4.6 kg) (7.7 kg) (10.0 kg) 

With 1-handed grip on 8.0 Ib 12.0 Ib 20.0 Ib 25.9 Ib 

rubber surface (3.6 kg) (5.4 kg) (9.1 kg) (11.8 kg) 
Countermeasures 


Optimize inside diameter (ID) of hose to match connection 
point Optimize clamp. 
Provide appropriate lubricant. 


Work Examples 
Installing a hose 


Removing hoses from a 
mandrel Connecting parts 


Other Considerations 
Is grip action or shoulder exertion the limiting factor? Complete 
an assessment to determine acceptability at the shoulder joint. 
Employees should wear thin, high-friction gloves. 


Measurement Tools 
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Force gauge/transducers 


6.3.2.7. Standing Arm Strength 

These guidelines should be applied in a stationary standing position 
when only the arms are in use, according to table below. Examples 
include manual use of torque wrench, pushing to rotate engine on 
carrier, or pressing a housing into place on a generator set. 


Table 6.16 / Figure 6.25: Standing Arm Strength Guidelines 
Infrequent (< 2/min) 


Push out at 
shoulder height 
— 1 hand 


Push out at elbow 7.4 Ib 11.1 Ib 18.5 Ib 
height — 1 hand (3.4 kg) (5.1 kg) (8.4 kg) 
. | Push out at elbow 11.8 Ib 17.7 |b 29.5 Ib 
height — 2 hands (5.4 kg) (8.0 kg) (13.4 kg) 
Pull in at shoulder 7.0 Ib 10.5 Ib 17.6 Ib 
height — 1 hand (3.2 kg) (4.8 kg) (8.0 kg) 
Pull in at elbow 7.5 lb 11.2 Ib 18.7 Ib 
height — 1 hand (3.4 kg) (5.1 kg) (8.5 kg) 


Pull in at elbow 
height — 2 hands 


22.1 Ib 
(10.1 kg) 


24.1 Ib 
(11.0 kg) 


38.3 Ib 
(17.4 kg) 


22.8 Ib 
(10.3 kg) 


24.3 Ib 
(11.1 kg) 


42.4 Ib 
(19.2 kg) 
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Table 6.17 / Figure 6.26: Standing Arm Strength Guidelines (Cont.) 


Pull down from 
overhead 
— 2 hands 


26.8 Ib 
(12.2 kg) 


44.7 Ib 
(20.3 kg) 


58.1 Ib 
(26.4 kg) 


Pull up from 
knee height 
—- 1 hand 


6.3 Ib 9.5 Ib 15.8 Ib 
(2.9 kg) (4.3 kg) (7.2 kg) (9.3 kg) 


Pull across body 


(lateral) at 2.5 Ib 3.8 Ib 6.3 Ib 


waist height — 1 
hand, elbow fully (1.1 kg) (1.7 kg) (2.9 kg) 


extended 


(3.7 kg) 


Pull across body 

(lateral) at waist 3.3 Ib 5.0 Ib 8.4 Ib 
height — 1 hand, (1.5 kg) (2.3 kg) (3.8 kg) 
elbow at 90° 


. | Lift up at shoulder 4.7 lb 7.0 Ib 11.7 Ib 
height — 2 hands (2.1 kg) (3.2 kg) (5.3 kg) 

. Lift up at elbow 7.7 |b 11.5 Ib 19.1 Ib 
height — 2 hands (3.5 kg) (5.2 kg) (8.7 kg) 


Press down at 12.8 Ib 19.2 Ib 30.0 Ib 


elbow height 
-1 hand (5.8 kg) (8.7 kg) (13.6 kg) 


(4.9 kg) 


41.6 Ib 
(18.9 kg) 
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6.3.3 Upper-body Strength for Hand Wheels 
Figure 6.27: Hand wheel example tasks 


6.3.3.1. Guidelines 

Preferred: 
Mechanized hand wheels that are activated multiple times per 
day or daily. 


Acceptable for manual breaking or seating forces: 
Recommended: < 70 lb (31.8 kg) 
Not-to-exceed: 110 Ib (49.9 kg) 


Acceptable for manual turning forces: 
Recommended: < 35 lb (15.9 kg) 
Not-to-exceed: 75 lb (34 kg 


6.3.3.2. Hand Wheel Placement 

Hand wheel orientation 
Recommended: vertical 
Acceptable: horizontal 


Horizontal reach distance 


Recommended: < 11" (279 mm) 
Acceptable: < 16" (406 mm) 
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Vertical hand wheel height (middle of wheel) 
Recommended: 49"-62" (1.25-1.58 m) 
Acceptable: 38"—74" (0.97-1.88 m) 


Horizontal hand wheel height 
Recommended: 38”-47” (0.97-1.19 m) 
Acceptable: 30”-57” (0.76-1.45 m) 


6.3.3.3. Hand Wheel Size 

Handle diameter 
Recommended: 1.8” (46 mm) 
Acceptable: 1.5” (38 mm) 


Large hand wheel diameter 
Recommended: 2 30” (762 mm) 
Acceptable: 24” (610 mm) 


6.3.3.4. Accessibility 
Minimum overhead clearance: 80" (2.03 m) 
Minimum access around hand wheel: 46" (1.17 m) 
Minimum hand access: 6" (152 mm) 


6.3.3.5. Standing Surface 
Flat 
Stabl 
e 
High friction 


Minimum 24" x 24" (610 x 610 mm) 


6.3.4 Glove Effects 
6.3.4.1. Guidelines 
Glove types: Nitrile, cotton, nylon, latex, rubber, 
leather Gloves decrease maximum power grip by 7%— 
26% 
Gloves decrease sensory discrimination. 
Gloves increase ability for manual torque application. 
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Gloves that are too small require the employee to exert force 
to perform a task and to move the hand within the glove, 
leading to increased fatigue. 

Gloves that are too large cause the employee to lose dexterity and, 
as a result, exert more force than necessary to hold objects 
and tools. 
Please reference Hand Injury and Illness Prevention CORP-09-04- 
03-00 for other requirements. 


Figure 6.28: Effects of Glove Type on Grip Strength 
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6.3.4.2. Other Considerations 


Table 6.17: Comparison of Bare-Hand and Glove-Hand Strength 


Gloved Hand 
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6.3.4.3. Countermeasures 
Determine optimal glove design for operation based on 
friction, protection, and sensory factors. 
Ensure gloves are sized properly. 
6.3.4.4. Measurement Tools 
Force gauge/transducers 
Psychophysical comparison using grip meter. 


6.4 Hand Tools 
6.4.1 Introduction to Hand Tools 


The content in this section applies to all hand tools including power and manual 
tools. In many operations, the time of exposure to hand tools is significant. 
Consequently, these tools should be carefully chosen to accommodate a large 
range of operators. Consider both right-handed and left-handed operators. 
Whenever possible, buy tools that can be used by both types of operators. If this 
is not possible, ensure that a right-handed user does not use a left-handed tool 
and vice versa. This may force the operator to complete his or her job in 
awkward positions and cause unnecessary strain. 


Hand tools often cause contact stress, or concentrated pressure on some part of 
the body by a sharp, hard, or pointed object. It is important to note that while 
gripping a tool handle or squeezing a trigger the operator should be informed 
(during training) not to use excessive force while operating the tool. This too 
could cause unnecessary strain and discomfort on the wrist or finger of an 
operator. 


6.4.2 Hand Tools Overview 
6.4.2.1. Handle Types 
Select a tool with an angle that allows the operator to work with a 
straight wrist. Tools with bent handles are better than those with 
straight handles when the force is applied horizontally. Tools with 
straight handles are better than those with bent handles when the force 
is applied vertically. Refer to Figure 6.29 for further clarification. 
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Figure 6.29: Proper orientation of power tools in the workplace 
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6.4.2.2. Handle Shape 


For operations that require a power grip, as shown in Figure 6.30a, the 
shape of a handle should be round or cylindrical. An operator uses a 
power grip when his or her fingers bunch firmly around an object and 
overlap by the thumb. The recommended range for a tool diameter is 
1.2 inches (3 cm) to 1.8 inches (4.6 cm). Other tools require a pinch grip, 
as shown in Figure 6.30b, where the fingers are on one side of the object 
and the thumb is on the other. Generally, the object does not touch the 
palm. The recommended diameter or grip span needed for tools used 
with a pinch grip, such as tweezers, has a range of 0.3 inches (0.8 cm) to 


0.5 inches (1.3 cm). 


Figure 6.30: (a) Left — Power Grip and (b) Right — Pinch grip. 
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6.4.2.3. Double-Handled Tool 


The span between the handles should be considered when using tools 
such as pliers and tongs. For double-handled tools that require one hand 
for operation such as pliers, snips, and cutters, the maximum 
recommended span is 2 inches (5.1 cm) when closed and 3.5 inches (8.9 
cm) when open see Figure 6.31. Using a tool with a span which is either 
greater or lower than the recommended range could reduce the 
operators’ maximum grip strength. When continuous force is required, 
consider using a clamp, grip, or locking pliers. In addition, select a tool 
with spring-loaded handles to return the handles to the open position. 


Figure 6.31: Double Handle Tool Span 
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6.4.2.4. Handle Lengths 

Design all handle lengths to be greater than or equal to 3.9 inches (10 
cm) (based on the Hand Breadth size of the 95" Percentile male). If an 
operator wears gloves while working, add a minimum of 0.5 inches (1.3 
cm) for a total tool length of 4.4 inches (11.3 cm). If the handle is too 
short, the end will press against the palm of the operator’s hand causing 
a contact stress and potentially lead to an injury. 


6.4.2.5. Handle Surfaces 

When possible, use tools with padded grips to minimize tissue damage. 
However, avoid tools with finger grooves as these are generally designed 
for the 95" percentile male and may not be appropriate for a wide range 
of workers. 
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Select a tool with a non-slip surface for better grip. Adding a sleeve to the tool, 
as shown in Figure 6.32, may improve the surface texture of the handle but a 
sleeve will also increase the tool handle diameter. If a sleeve is added to a tool, 
ensure that the altered diameter remains in the recommended range. In 
addition, ensure the sleeve fits snugly during use to prevent slippage within the 
sleeve. Use Table 6.18 as a reference for preferred hand tool dimensions. 


Figure 6.32: Example of Hand Tools and Sleeves 


ni 


Table 6.18: Hand Tool Dimension Summary 

Dimension Description Centimetres Inches 
Handle length without using gloves 23.9 
Handle length using gloves 244 
Handle diameter (power grip) 1.2-1.8 
Handle diameter (pinch grip) 0.3-0.5 
Double Handled Tool Span (Closed) <2 
Double Handled Tool Span (Open) $3.5 


6.4.2.6. Hanging Tools 

Hanging tools refer to tools suspended in the air that are attached by a cord 
from some stationary position or mounted on trolley and/or articulated arms. 
The tools are at a height above the workstation not to interfere with an 
operators work when the suspended tool is not needed. However, the hung 
tools are easily accessible provided they are within the workers maximum 
recommended standing reach height; see section 6.1.6. 


Use a tool balancer to support the weight of the tool when possible. Tool 
balancers hold a hand-operated tool in a pre-set position to minimize. 


61 Industrial Ergonomics Standards 


operator effort during the use of the tool. Two critical specifications 
include the load capacity and the reach of the tool balancer. The load 
capacity is the tool weight that the balancer can bear. The tool balancer 
reach is the maximum displacement that the tool can be pulled from its 
coiled position at the base of the tool balancer (ideally used 
perpendicular above the work area). Check with the balancer 
manufacturer to ensure that the device meets the requirements 
applicable to a given task. 


Described in Table 6.19 are recommended target resistance values in 
kilograms (kg) and Table 6.20 show target values in pounds (Ibs) for a 
given tool balancer’s retractable cord resistance for all tools needing 
either one-handed or two-handed operations. Balancers are to be 
purchased with adjustable tension options to comply with the target 
values. A force meter can be used to measure the tension or resistance 
of the tool balancer hose in relation to the tool attached to it. 


Table 6.19: Recommended Values of Tool Balancer Resistance in Metric Units 
Balancer Values for One & Two Handed Suspended Tools 


One Handed Two Handed 
Values: 1 kg Values: 1.81 kg 


Values: 1 kg — 1.81 kg: Consult with Safety 
Leader Values: 1 kg — 3 kg: Consult with Safety Leader 
Anything beyond 1.81 kg is unacceptable Anything beyond the 3 kg is unacceptable 


Table 6.20: Recommended Values of Tool Balancer Resistance in Imperial Units 
Balancer Values for One & Two Handed Suspended Tools 


One Handed Two Handed 
Values: 2.2 lbs Values: 4 lbs 


Values: 2.2 lbs - 4 lbs: Consult with Safety 
Leader Values: 4 lbs - 6.6 lbs: Consult with Safety Leader 
Anything beyond 4 lbs is unacceptable Anything beyond the 6.6 lbs is unacceptable 


To select a balancer, consider the weight of the total load (tool plus 
cable or hose plus other attachments). When the total weight has been 
determined, the balancer model with the proper tension (weight range) 
should be chosen. 
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For situations where a tool exceeds the recommended weight limit 
recorded consider installing a manipulator. Manipulators give the 
operator precise control when lifting offset loads, fragile or delicate 
loads, high temperature or hazardous loads. Low noise levels and low 
maintenance make manipulators acceptable in a wide range of handling 
environments. Consult your plant Safety Leader for analysis ona 
manipulator for a specific application. 


Incorrect use of a tool balancer such as pulling the hose at an angle, see 
Figure 6.33 (a), can negatively affect the performance of the task, and 
increase the risk of harm to the user: due to awkward stress and forces 
on parts of the body caused by the tension forces being exerted at an 
angle. 


Figure 6.33: (a) Top — Proper positioning of Tool Balancers and cord 
types, (b) Lower Left — Tool balancer and (c) Lower Right — Swivel 
coupling 


DETAILOF 
COUPLING 
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For example, in Figure 6.34, the tool balancer distance is causing the 
operator to pull and sustain the tension of the tool at an angle, thus 
causing serious torsion on his left wrist, which over time could result in 
wrist fatigue. However, Figure 6.35 illustrates the tool balancer 
perpendicular to the work task enabling a more efficient force 
distribution on the operators’ arm and wrist. This can be achieved by 
mounting the tool balancer on trolleys and articulated arm. 


Figure 6.34: An improperly positioned Tool Balancer that exceeds 
the operator’s work envelope. 


Tool Balancer incorrectly 
positioned at an angle resulting 
in reaction forces on operator's 
wrists. 


Figure 6.35: A properly positioned Tool Balancer that is perpendicularly 
above the area of its designated use within the operator’s work 
envelope. 


64 Industrial Ergonomics Standards 


Engineers should consider the following before purchasing a 
tool balancer: 
Provide balancers with cord tensions that are 
adjustable Minimize the resistance as much as 
possible. 
Provide a tool balancer with an articulating arm (freedom 
of motion) 
Position tool balancers perpendicularly above the designated 
work area 


Tools that are hung at a work area without a tool balancer should still 
be positioned as perpendicular to the area of use as possible; and 
should be placed at the proper height as not to interfere with other 
workstations’ operations and accordance to Section 6.1.6 for 
consideration of appropriate hanging tool height. 


Additional Considerations 
When to implement balancers: 

Repetitive tasks: use when tool weight > 6 Ib (2.7 kg) 
of Infrequent tasks: use when tool weight > 10 Ib (4.5 kg) 
of Precision tasks: use when tool weight > 1 lb (0.5 kg) of 
Ideal when tool is used in only one orientation. 

Swivel couplings reduce resistance created by hose-to- 

gun interface during gun positioning, see Figure 6.33 (c) 

Direct exhaust away from user’s hand to reduce exposure to 
cold temperatures. 

Provide secondary handle when feed force is high, or tool weight 
is excessive. 

Provide flange at end of tool handle to prevent hand from 
slipping and to provide support. 


6.4.2.7. Torque reaction 

Except for pulse or impact tools, torque limiting devices should be added 
when torque values reach the maximum recommended levels in Table 
6.19. Pulse tools are specially designed so that almost no reaction forces 
occur in the handle. Examples of various types of power tools, in Figure 
6.35, which may need torque limiting devices to protect the operator 
from harm. 
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Table 6.19: Maximum Recommended Torque Values Without a Torque 
Limiting Device 


Tool Type Maximum Torque (N*m)| Maximum Torque (ft*lbs) 
In-line power tools 
Pistol grip not including pulse tools 
Right angle 


Figure 6.36: Power tool examples - Pistol Grip (Left), In-Line (Centre), 
and Right Angle (Right) 
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6.4.2.8. Torque-Limiting Methods: 


Operating modes: 
Recommended: Hydraulic pulse systems or automatic 
shut-off mechanism to reduce torque reaction peak and 
duration. Faster speed shut-off mechanisms reduce peak 
torques. 
Acceptable: Mechanical clutch (slip, friction, or cushion 
clutch, etc.) limits reaction torque exposure but may 
expose employees to significant levels of vibration. 
Not recommended: Stall or direct-drive mechanisms; 
maximum torque reaction time is under employee 
control by releasing the throttle, exposing the employee 
to long durations of reaction torque. 

Torque-absorbing devices: 
Lightweight torque reaction bars mounted to tool. 
Torque-absorbing suspension balancers (torque 
reaction tubes) 
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Tool-mounted nut-holding devices 
o Mounted tool support reaction arms 
Complete tasks with higher dynamic force reactions on 
horizontal surfaces (versus vertical), especially for right-angle 
tools. 


6.4.3. Choosing a Powered Fastening Tool 
Use Table 6.20 to determine the appropriate powered fastening tool based on: 
Surface orientation 


Hand working height 
Standing or seated position 


Table 6.20 Recommended Powered Fastening Tool 


Recommended 
Surface Powered 
Orientatio 
Hand Working Height Fastening Tool 


n 
Vertical 38"-47" Standing Pistol-grip 
(0.97-1.19 m) 
> 47" (1.19 m) Right-angled grip 
< 38" (965 mm) Pistol-grip 


< 38" (965 mm) Pistol-grip 


Underneath unit with 
limited Seated Pistol-grip 
access < 60" (1.52 m) 


Horizontal 38"-47" Standing In-line grip 
(0.97—1.19 m) 
> 47" (1.19 m) Right-angled grip 
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6.4.4 In-Line Powered Fastening Tools 
Figure 6.37: In-line powered fastening tool 


6.4.4.1. Handle (Grip) Cross-Sectional Shape: 
Recommended: oval or egg-shaped 
Acceptable: cylindrical 


6.4.4.2. Handle (Grip) Shape: 
Recommended: double frustum (largest diameter at middle finger) 
Acceptable: cylindrical (symmetrical diameter) 
Shape handle to maximize hand contact surface area. 


6.4.4.3. Handle (Grip) Diameter: 
Recommended: 1.6" (41 mm) 
Acceptable: 1.2"—2.0" (30-51 mm) 
Provide larger diameter flange at bottom of handle. 


6.4.4.4. Handle Angle: 
Recommended: in line with tool-aiming axis 


6.4.4.5. Handle (Grip) Surface, Texture, Material: 
Recommended: 
High-friction or slightly etched surfaces 
Slightly soft composite or rubber surface 


Avoid: 
Finger grooves or recesses 
Sharp edges or hard surfaces 
Cold temperatures or metal surfaces that retain heat. 
6.4.4.6. Dynamic Reaction Force (Torque): 


Recommended: < 2.36 Ib-ft (3.2 Nm) 
See Table 6.19 for maximum torque values without a 
torque limiting device. 
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6.4.4.7. Application: 
Horizontal surface (vertical fastener) 


6.4.4.8. Weight: 


Recommended: < 4.0 lb (1.8 kg) 

Acceptable: < 6.0 Ib (2.7 kg) 
Not-to-exceed: 6.0 Ib (2.7 kg) unless a counterbalance system is 
provided. 

Includes weight of all attachments 

Suggested power-to-weight ratio: > 70 W/Ib 


6.4.4.9. Grip Force: 
or 2-handed operation: < 6.4 lb (2.9 kg) recommended. 
1-handed precision operation: < 2.0 lb (0.9 kg) recommended 


6.4.4.10. Feed Force: 
Horizontal surface: < 12.8 lb (5.8 kg) 


6.4.4.11. Centre of Gravity (Balance of Tool During Use): 
In vertical plane, aligned directly through middle of shaft. 
In horizontal plane, aligned with middle finger where hand 
grasps handle. 


6.4.4.12. Finger(s) Trigger Design: 
Recommended: push to start 
Acceptable: 2-finger trigger (index, middle fingers) with 
recommended length 1.5"—2.5" (38-64 mm) 


6.4.4.13. Finger(s) Trigger Force: 
2-finger force: < 5.0 lb (2.3 kg) 


6.4.4.14. Vibration: 
Where they exist, legal requirements shall be followed, e.g., UK, 
The Control of Vibration at Work Regulations 2005. 
Based on total daily exposure: 
4 to less than 8 hours: 4 
m/s? 0 2 to less than 4 hours: 6 
m/s? o 1 to less than 2 hours: 8 
m/s* o Less than 1 hour: 12 
m/s? 
Minimize length of socket extensions 
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6.4.4.15. Exhaust: 
Direct cool air below 66°F (19°C) or hot air above 95°F (35°C) 
away from exposed skin 


6.4.4.16. Balancers or Supports: 
Attach tool balancer at centre of gravity using single attachment. 


6.4.5  Pistol-Grip Powered Fastening Tools 
Figure 6.38: Pistol-grip powered fastening tool. 


| 


6.4.5.1. Handle (Grip) Cross-Sectional Shape: 
Recommended: oval or egg-shaped 
Acceptable: cylindrical 


6.4.5.2. Handle (Grip) Shape: 
Recommended: trapezoid (largest diameter at index finger) 
Acceptable: cylindrical (symmetrical diameter) 
Shape handle to maximize hand contact surface area. 


6.4.5.3. Handle (Grip) Diameter: 
Recommended: 1.6" (41 mm) 
Acceptable: 1.2"—2.0" (30-51 mm) 
Provide larger diameter flange at bottom of handle. 


6.4.5.4. Handle (Grip) Length: 
Recommended: 5.5" (140 mm) 
Acceptable: 4.0"—6.0" (102-152 mm) 
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Add 0.5" (13 mm) for tools requiring gloves. 


6.4.5.5. Handle Angle: 
Recommended: 102° angle from handle to aiming axis 


Acceptable: 90° angle from handle to aiming axis 


6.4.5.6. Handle (Grip) Surface, Texture, Material: 
Recommended: 
High-friction or slightly etched surfaces 
Slightly soft composite or rubber surface 


Avoid: 
Finger grooves or recesses 
Sharp edges or hard surfaces 
Cold temperatures or metal surfaces that retain heat. 
6.4.5.7. Dynamic Reaction Force (Torque): 


Recommended: < 5 lb-ft (6.78 Nm) 
See Table 6.19 for maximum torque values without a 
torque limiting device. 


6.4.5.8. Application: 
Vertical surface (horizontal fastener) 


6.4.5.9. Weight: 
Recommended: < 4.0 lb (1.8 kg) 
Acceptable: < 6.0 lb (2.7 kg) 
Not-to-exceed: 6.0 Ib (2.7 kg) unless a counterbalance system is 
provided. 
Includes weight of all attachments 
Suggested power-to-weight ratio: > 70 W/Ib 


6.4.5.10. Grip Force: 
1- or 2-handed operation: < 6.4 |b (2.9 kg) recommended 


1-handed precision operation: < 2.0 lb (0.9 kg) recommended 


6.4.5.11. Feed Force: 
Vertical surface: < 6.8 lb (3.1 kg) 
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6.4.5.12. Centre of Gravity (Balance of Tool During Use): 
In vertical plane, aligned directly over centre of grasping 
handle in horizontal plane, aligned closer to handle to 
minimize top- 
heavy tool 


6.4.5.13. Finger(s) Trigger Design: 
Recommended: 2-finger trigger (index, middle fingers) 
with recommended length 1.5"—2.5" (38-64 mm) 
Acceptable: 1-finger trigger (index finger) with 
recommended length 1" (25.4 mm) 


6.4.5.14. Finger(s) Trigger Force: 
2-finger force: < 5.0 Ib (2.3 kg) 
1-finger force: < 2.5 Ib (1.1 kg) 
6.4.5.15. Vibration: 
Based on total daily exposure: 


4 to less than 8 hours: 4 
m/s? 0 2 to less than 4 hours: 6 
m/s? 0 1 to less than 2 hours: 8 
m/s* o Less than 1 hour: 12 
m/s? 
Minimize length of socket extensions 


6.4.5.16. Exhaust: 
Direct cool air below 66°F (19°C) or hot air above 95°F (35°C) 
away from exposed skin 


6.4.5.17. Balancers or Supports: 
Attach tool balancer through centre of gravity using single or 


dual attachments. 
Position and angle tool in orientation of use 


6.4.6 Right-Angle Powered Fastening Tools 
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Figure 6.39: Right-angle powered fastening tool 


6.4.6.1. Handle (Grip) Cross-Sectional Shape: 
Recommended: cylindrical 


6.4.6.2. Handle (Grip) Shape: 
Recommended: cylindrical (symmetrical diameter) 
Shape handle to maximize hand contact surface 
area 


6.4.6.3. Handle (Grip) Diameter: 
Recommended: 1.6" (41 mm) 
Acceptable: 1.2"—2.0" (30-51 mm) 


6.4.6.4. Handle (Grip) Length: 
Recommended: 5.5" (140 mm) 
Acceptable: 4.0"—6.0" (102-152 mm) 
Add 0.5" (13 mm) for tools requiring gloves. 


6.4.6.5. Handle Angle: 
Recommended: handle perpendicular to aiming or fastening axis 


6.4.6.6. Handle (Grip) Surface, Texture, Material: 
Recommended: 
High-friction or slightly etched surfaces 
Slightly soft composite or rubber surface 
Avoid: 
Finger grooves or recesses 
Sharp edges or hard surfaces 
Cold temperatures or metal surfaces that retain heat. 
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6.4.6.7. Dynamic Reaction Force (Torque): 
Recommended: < 37 lb-ft (50 Nm) 
See Table 6.19 for maximum torque values without a 
torque limiting device. 


6.4.6.8. Application: 
Horizontal surface (vertical 
fastener) Vertical surface 


(horizontal fastener) 


6.4.6.9. Weight: 
Recommended: < 4.0 Ib (1.8 kg) 
Acceptable: < 6.0 Ib (2.7 kg) 
Not-to-exceed: 6.0 Ib (2.7 kg) unless a counterbalance system 
is provided. 
Includes weight of all attachments 
Suggested power-to-weight ratio: > 70 W/Ib 


6.4.6.10. Grip Force: 
or 2-handed operation: < 6.4 lb (2.9 kg) recommended. 


6.4.6.11. Feed Force: 
Horizontal surface: < 12.8 lb (5.8 kg) 
Vertical surface: < 6.8 lb (3.1 kg) 


6.4.6.12. Centre of Gravity (Balance of Tool during Use): 
Located between hand-grasping locations. 


6.4.6.13. Finger(s) Trigger Design: 
Recommended: lever with recommended length < 3" (76 mm) 
Not-to-exceed: lever with length 3.0" (76 mm) 
Provide spring-loaded lever hand trigger to return trigger to 
start position. 


6.4.6.14. Finger(s) Trigger Force: 
Lever force < 6.8 lb (3.1 kg) 
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6.4.6.15. Vibration: 
Based on total daily exposure: 


4 to less than 8 hours: 4 
m/s? 0 2 to less than 4 hours: 6 
m/s? 0 1 to less than 2 hours: 8 
m/s* o Less than 1 hour: 12 
m/s? 
Minimize length of socket extensions 


6.4.6.16. Exhaust: 
Direct cool air below 66°F (19°C) or hot air above 95°F (35°C) 
away from exposed skin 


6.4.6.17. Balancers or Supports: 
Attach tool balancer through centre of gravity using 
multiple attachments. 
Position and angle tool in orientation of use 


6.4.7 Precision (Pinch-Grip) Abrasive/Grinding Tools 
Figure 6.40: Precision, pinch-grip, abrasive tool 


6.4.7.1. Vibration: 


Based on total daily exposures: 
4 to less than 8 hours: 4 
m/s? 0 2 to less than 4 hours: 6 
m/s? o 1 to less than 2 hours: 8 
m/s? o less than 1 hour: 12 
m/s? 
Use vibration-dampened spindle. 


6.4.7.2. Handle (Grip) Cross-Sectional Shape: 
Recommended: tapered (widest at grip location) 
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Acceptable: cylindrical 


6.4.7.3. Handle (Grip) Shape: 
Recommended: cylindrical 
Shape handle to maximize hand contact surface area. 


6.4.7.4. Handle (Grip) Diameter: 
Recommended: 0.3"-0.6" (8-15 mm) 
Acceptable: 0.3"—0.9" (8-22 mm) 
Provide larger diameter flange at bottom of handle. 


6.4.7.5. Handle (Grip) Length: 
Recommended: 3.9" (99 mm) 
Acceptable: 2.8"—4.6" (71-117 mm) 
Handle should be long enough to allow base of first finger 
or thumb to support it, and short enough so it does not 
encounter forearm or wrist. 


6.4.7.6. Handle Angle: 
Recommended: in line with the tool-grinding axis 


6.4.7.7. Handle (Grip) Surface, Texture, Material: 
Recommended: 
High-friction or slightly etched surface 
Slightly soft composite or rubber surface 
Covered with vibration-dampening material. 
Avoid: 
Sharp edges or hard surfaces 
Cold temperatures or metal surfaces that retain heat. 
6.4.7.8. Application: 
Recommended: Orient part to provide visual access to 
grinding surface 
Acceptable: Grinding on horizontal surface 


6.4.7.9. Weight: 
Recommended: < 1.0 lb (0.5 kg) 
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Not-to-exceed: 1.0 Ib (0.5 kg) unless a counterbalance system is 
provided. 

Includes weight of all attachments 

Recommended: air-governed control speed 


6.4.7.10. Grip Force: 
Recommended: < 2.0 lb (0.9 kg) 


6.4.7.11. Centre of Gravity (Balance of Tool During Use): 
In vertical plane, aligned directly through middle of shaft. 
In horizontal plane, aligned with natural pinch grip location 
during use. 


6.4.7.12. Trigger Design: 
Recommended: knob 
Acceptable: lever < 2.5" (64 mm) long 


6.4.7.13. Lever Force: 
Recommended: < 2.5 lb (1.1 kg) 


6.4.7.14. Exhaust: 
Direct cool air below 66°F (19°C) or hot air above 95°F (35°C) 
away from exposed skin 


6.4.8 In-Line (Power-Grip) Abrasive/Grinding Tools 
Figure 6.41: In-line abrasive tool 


6.4.8.1. Vibration: 
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Based on total daily exposures: 


4 to less than 8 hours: 4 
m/s? 0 2 to less than 4 hours: 6 
m/s? 0 1 to less than 2 hours: 8 
m/s? o less than 1 hour: 12 
m/s? 
Use vibration-dampened spindle. 
Minimize length of extended housing 


6.4.8.2. Handle (Grip) Cross-Sectional Shape: 
Recommended: oval or egg-shaped 
Acceptable: cylindrical 


6.4.8.3. Handle (Grip) Shape: 
Recommended: double frustum (largest diameter at middle finger) 
Acceptable: cylindrical (symmetrical diameter) 
Shape handle to maximize hand contact surface area. 


6.4.8.4. Handle (Grip) Diameter: 
Recommended: 1.6" (41 mm) 
Acceptable: 1.2"—2.0" (30-51 mm) 
Provide larger diameter flange at bottom of handle. 


6.4.8.5. Handle (Grip) Length: 
Recommended: 5.5" (140 mm) 
Acceptable: 4.0"—6.0" (102-152 mm) 
Add 0.5" (13 mm) for tools requiring gloves. 


6.4.8.6. Handle Angle: 
Recommended: in line with the tool-grinding axis 


6.4.8.7. Handle (Grip) Surface, Texture, Material: 
Recommended: 
High-friction or slightly etched surface o 
Slightly soft composite or rubber surface 
o Covered with vibration-dampening material 
Avoid: 
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Sharp edges or hard surfaces 
Cold temperatures or metal surfaces that retain heat. 


6.4.8.8. Application: 
Recommended: Orient part to provide visual access to 
grinding surface 
Acceptable: Grinding on horizontal surface 
6.4.8.9. Weight: 
Recommended: < 4.0 lb (1.8 kg) 
Acceptable: < 6.0 Ib (2.7 kg) 
Not-to-exceed: 6.0 Ib (2.7 kg) unless a counterbalance system is 
provided. 
Includes weight of all attachments 
Recommended: air-governed control speed 


6.4.8.10. Grip Force: 
2-handed operation: < 6.4 Ib (2.9 kg) 
1-handed operation: < 2.0 lb (0.9 kg) 


6.4.8.11. Centre of Gravity (Balance of Tool During Use): 
In vertical plane, aligned directly through middle of shaft. 
In horizontal plane, aligned with natural pinch grip location 
during use. 


6.4.8.12. Trigger Design: 
Recommended: lever with recommended length < 3.0" (76 mm) 
Not-to-exceed: lever with length 3.0" (76 mm) 
Provide spring-loaded lever hand trigger to return trigger to 
start position. 


6.4.8.13. Trigger Force: 
Lever force < 6.8 Ib (3.1 kg) 


6.4.8.14. Exhaust: 
Direct cool air below 66°F (19°C) or hot air above 95°F (35°C) 
away from exposed skin 
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6.4.9 Right-Angle or Vertical Abrasive/Grinding Tools 
Figure 6.42: Right-angle abrasive tool 


6.4.9.1. Vibration: 
Based on total daily exposures: 


4 to less than 8 hours: 4 
m/s? 0 2 to less than 4 hours: 6 
m/s? o 1 to less than 2 hours: 8 
m/s* o less than 1 hour: 12 
m/s? 
Use vibration-dampened spindle. 
Minimize length of extended housing 


6.4.9.2. Handle (Grip) Cross-Sectional Shape: 
Recommended: cylindrical 


6.4.9.3. Handle (Grip) Shape: 
Recommended: cylindrical (symmetrical diameter) 
Shape handle to maximize hand contact surface 
area 
6.4.9.4. Handle (Grip) Diameter: 
Recommended: 1.6" (41 mm) 
Acceptable: 1.2"—2.0" (30-51 mm) 
Provide larger diameter flange at bottom of handle. 


6.4.9.5. Handle (Grip) Length: 
Recommended: 5.5" (140 mm) 
Acceptable: 4.0"—6.0" (102-152 mm) 
Add 0.5" (13 mm) for tools requiring gloves. 
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6.4.9.6. Handle Angle: 
Recommended: perpendicular with the tool-grinding axis 


6.4.9.7. Handle (Grip) Surface, Texture, Material: 
Recommended: 
High-friction or slightly etched surface 
Slightly soft composite or rubber surface 
Covered with vibration-dampening material. 
Avoid: 
Sharp edges or hard surfaces 
Cold temperatures or metal surfaces that retain heat. 
6.4.9.8. Application: 
Recommended: Orient part to provide visual access to 
grinding surface 
Acceptable: Grinding on horizontal surface 
6.4.9.9. Weight: 
Recommended: < 4.0 lb (1.8 kg) 
Acceptable: < 6.0 Ib (2.7 kg) 
Not-to-exceed: 6.0 Ib (2.7 kg) unless a counterbalance system is 
provided. 
Includes weight of all attachments 
Provide a second support handle perpendicular to the 
primary handle. 


6.4.9.10. Grip Force: 
2-handed operation: < 6.4 |b (2.9 kg) 
1-handed operation: < 2.0 lb (0.9 kg) 


6.4.9.11. Centre of Gravity (Balance of Tool During Use): 
In vertical plane, aligned directly through grinding wheel, point, 
or cone. 
In horizontal plane, aligned directly through middle of handle shaft. 


6.4.9.12. Trigger Design: 


Recommended: 2-finger trigger (index, middle finger) 
with recommended length 1.5"—2.5" (38-64 mm) 
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Acceptable: lever with recommended length < 3.0" (76 mm) 
Provide spring-loaded lever hand trigger to return trigger to 
start position. 


6.4.9.13. Trigger Force: 
2-finger trigger: < 5.0 lb (2.3 kg) 
Lever force: < 6.8 Ib (3.1 kg) 


6.4.9.14. Exhaust: 
Direct cool air below 66°F (19°C) or hot air above 95°F (35°C) 
away from exposed skin 


6.4.10 Percussive Tools 
Figure 6.43: Percussive tool 


6.4.10.1. Vibration: 


Based on total daily exposures: 
4 to less than 8 hours: 4 

m/s? 0 2 to less than 4 hours: 6 
m/s? o 1 to less than 2 hours: 8 
m/s? o less than 1 hour: 12 
m/s? 

Use vibration-dampened 

spindle Minimize chisel length. 


Provide chisel isolators. 


6.4.10.2. Handle (Grip) Cross-Sectional Shape: 
Recommended: oval or egg-shaped 
Acceptable: cylindrical 


6.4.10.3. Handle (Grip) Shape: 
Recommended: cylindrical (symmetrical diameter) 
Shape handle to maximize hand contact surface 
area 


82 Industrial Ergonomics Standards 


6.4.10.4. Handle (Grip) Diameter: 
Recommended: 1.6" (41 mm) 
Acceptable: 1.2"—2.0" (31-51 mm) 
Provide larger diameter flange at bottom of handle. 


6.4.10.5. Handle (Grip) Length: 
Recommended: 5.5" (140 mm) 
Acceptable: 4.0"—6.0" (102-152 mm) 
Add 0.5" (13 mm) for tools requiring gloves 
Avoid closed loop handles. 


6.4.10.6. Hand Opening Access: 
Length = 5.5" (140 mm) 
Width > 2.5" (64 mm) 


6.4.10.7. Handle Angle: 
Recommended: 102° angle from handle to aiming axis 
Acceptable: 90° angle from handle to aiming axis 


6.4.10.8. Handle (Grip) Surface, Texture, Material: 
Recommended: 
High-friction or slightly etched surface 
Slightly soft composite or rubber surface 
Covered with vibration-dampening material. 
Avoid: 
Sharp edges or hard surfaces 
Cold temperatures or metal surfaces that retain heat. 
6.4.10.9. Application: 
Recommended: Vertical surfaces 
Acceptable: Horizontal surface at lower heights 


6.4.10.10. Weight: 
Recommended: < 12.0 lb (5.4 kg) 
Acceptable: < 18.0 Ib (8.2 kg) 
Always provide a counterbalance 
system Includes weight of all 
attachments. 
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6.4.10.11. Grip Force: 
2-handed operation: < 6.4 Ib (2.9 kg) 


6.4.10.12. Feed Force: 
Horizontal surface: < 12.8 lb (5.8 kg) 
Vertical surface: < 6.8 lb (3.1 kg) 


6.4.10.13. Thumb Trigger Design: 
Trigger length 1.0"—1.4" (25-35 mm) 
Trigger width 0.7"—0.9" (19-22 mm) 
Trigger depression < 1.0" (25 mm) 
Provide spring-loaded lever palm trigger to return trigger to 
start position. 


6.4.10.14. Thumb Trigger Force: 
2-finger trigger: < 2.5 lb (1.1 kg) 


6.4.10.15. Exhaust: 
Direct cool air below 66°F (19°C) or hot air above 95°F (35°C) 
away from exposed skin 


6.4.11 Welding Guns 
Figure 6.44: Welding gun 


6.4.11.1. Weight: 
Recommended: < 4.0 Ib (1.8 kg) 
Acceptable: < 6.0 Ib (2.7 kg) 
Not-to-exceed: 6.0 Ib (2.7 kg) unless a counterbalance system is 
provided. 
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Includes weight of all attachments 


6.4.11.2. Handle (Grip) Cross-Sectional Shape: 
Recommended: oval or egg-shaped 
Acceptable: cylindrical 


6.4.11.3. Handle (Grip) Shape: 

Recommended: trapezoid (largest diameter at index finger) 

Acceptable: cylindrical (symmetrical diameter) 

Shape handle to maximize hand contact surface area. 
6.4.11.4. Handle (Grip) Diameter: 

Recommended: 1.6" (41 mm) 

Acceptable: 1.2"—2.0" (30-51 mm) 

Provide larger diameter flange at bottom of handle. 


6.4.11.5. Handle (Grip) Length: 
Recommended: 5.5" (140 mm) 
Acceptable: 4.0"—6.0" (102-152 mm) 
Add 0.5" (13 mm) for tools requiring gloves. 


6.4.11.6. Handle Angle: 
Recommended: bent 30°-60° from welding tip 


6.4.11.7. Handle (Grip) Surface, Texture, Material: 
Recommended: 
High-friction or slightly etched surface 
Slightly soft composite or rubber surface 
Avoid: 
Sharp edges or hard surfaces 
Cold temperatures or metal surfaces that retain heat. 
6.4.11.8. Grip Force: 
2-handed operation: < 6.4 lb (2.9 kg) 
1-handed operation: < 2.0 lb (0.9 kg) 


6.4.11.9. Trigger Design: 
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Recommended: 2-finger trigger (index, middle finger) 
with recommended length 1.5"—2.5" (38-64 mm) 
Acceptable: 1-finger trigger (index finger) with 
recommended length 1.0" (25 mm) 


6.4.11.10. Trigger Force: 
2-finger trigger: < 5.0 lb (2.3 kg) 
1-finger trigger: < 2.5 Ib (1.1 kg) 


6.4.11.11. Application: 
Recommended: Orient part to provide visual access to 
grinding surface 
Acceptable: Welding on vertical surface 


6.4.12 Spray Guns 
Figure 6.45: Spray gun 


o_ 


6.4.12.1. Trigger Design: 
Recommended: lever with recommended length < 3.0" (76 mm) 
Acceptable: 2-finger trigger (index, middle finger) with 
recommended length 1.5"—2.5" (38-64 mm) 


6.4.12.2. Trigger Force: 
Lever: < 6.8 lb (3.1 kg) 
2-finger trigger: < 5.0 lb (2.3 kg) 


6.4.12.3. Handle (Grip) Cross-Sectional Shape: 


Recommended: oval or egg-shaped 
Acceptable: cylindrical 
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6.4.12.4. Handle (Grip) Shape: 
Recommended: trapezoid (largest diameter at index finger) 
Acceptable: cylindrical (symmetrical diameter) 
Shape handle to maximize hand contact surface area. 


6.4.12.5. Handle (Grip) Diameter: 
Recommended: 1.6" (41 mm) 
Acceptable: 1.2"—2.0" (30-51 mm) 
Provide larger diameter flange at bottom of handle. 


6.4.12.6. Handle (Grip) Length: 
Recommended: 5.5" (140 mm) 
Acceptable: 4.0"—6.0" (102-152 mm) 
Add 0.5" (13 mm) for tools requiring gloves. 


6.4.12.7. Handle Angle: 
Recommended: 102° angle from handle to aiming axis 
Acceptable: 90° angle from handle to aiming axis 


6.4.12.8. Handle (Grip) Surface, Texture, Material: 
Recommended: 
High-friction or slightly etched surface 
Slightly soft composite or rubber surface 
Water resistant 


Avoid: 
Sharp edges or hard surfaces 
Cold temperatures or metal surfaces that retain heat. 
6.4.12.9. Weight: 


Recommended: < 4.0 Ib (1.8 kg) 

Acceptable: < 6.0 lb (2.7 kg) 
Not-to-exceed: 6.0 Ib (2.7 kg) unless a counterbalance system is 
provided. 

Includes weight of all attachments 
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6.4.12.10. Grip Force: 
2-handed operation: < 6.4 Ib (2.9 kg) 
1-handed operation: < 2.0 lb (0.9 kg) 


6.4.12.11. Exhaust: 
Direct cool air below 66°F (19°C) or hot air above 95°F (35°C) 
away from exposed skin 


6.4.13 Pliers 
Figure 6.46: Bent handle pliers 


6.4.13.1. Handle Grip Span: 
Recommended: 2 2.0" (51 mm) when fully closed 


Recommended: < 3.5" (89 mm) when fully open 


6.4.13.2. Weight: 
Recommended: < 4.0 lb (1.8 kg) 


6.4.13.3. Manual Torque: 
Recommended: < 1.50 lb-ft (2.03 Nm) 
Acceptable: < 1.75 lb-ft (2.38 Nm) 


6.4.13.4. Handle (Grip) Diameter: 
Recommended: 0.3"—0.6" (8-15 mm) 
Acceptable: 0.3"—0.9" (8-22 mm) 
Provide larger diameter thumb stop at top of handle. 


6.4.13.5. Handle (Grip) Shape: 
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Recommended: oval or flattened 

Acceptable: circular 
Contour shape of handle to match form of thumb and base of 
palm Round the ends of handles. 


6.4.13.6. Handle (Grip) Length: 
Recommended: 5.5" (140 mm) 
Acceptable: 4.0"—6.0" (102-152 mm) 
Handle should be long enough so that it does not press into palm 
at base of thumb. 


6.4.13.7. Handle Angle: 
Recommended: bent handles, with angle between jaw head 
and handle between 1052 and 1352 


6.4.13.8. Handle (Grip) Surface, Texture, Material: 
Recommended: 
High-friction or non-slip surface 
Slightly soft composite or rubber surface 
Avoid: 
Sharp edges, hard surfaces, deep ribs, or finger grooves 
Cold temperatures or metal surfaces that retain heat. 


6.4.14 Snips 
Figure 6.47: Snips 


6.4.14.1. Handle Grip Span: 
Recommended: 2 2.0" (51 mm) when fully closed 
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Recommended: < 3.5" (89 mm) when fully open 


6.4.14.2. Weight: 
Recommended: < 4.0 lb (1.8 kg) 


6.4.14.3. Grip Force: 
Recommended: < 2.0 lb (0.9 kg) 
Acceptable: < 3.5 Ib (1.6 kg) 
Recommended: spring-loaded mechanism to return snips to 
open position 


6.4.14.4. Handle (Grip) Diameter: 
Recommended: 0.3"-0.6" (8-15 mm) 
Acceptable: 0.3"—0.9" (8-22 mm) 
Provide larger diameter thumb stop at top of handle. 


6.4.14.5. Handle (Grip) Shape: 
Recommended: oval or flattened 
Acceptable: circular 
Contour shape of handle to match form of thumb and base of 
palm Round the ends of handles. 


6.4.14.6. Handle (Grip) Length: 
Recommended: 5.5" (140 mm) 
Acceptable: 4.0"—6.0" (102-152 mm) 
Handle should be long enough so that it does not press into palm 
at base of thumb. 


6.4.14.7. Handle Angle: 
Recommended: bent handles, with angle between jaw head 
and handle between 1052 and 1352 


6.4.14.8. Handle (Grip) Surface, Texture, Material: 
Recommended: 
High-friction or non-slip surface 
Slightly soft composite or rubber surface 
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Avoid: 


Sharp edges, hard surfaces, deep ribs, or finger 
grooves o Cold temperatures or metal surfaces that retain 
heat. 


6.4.15 Screwdrivers 
Figure 6.48: Screwdriver 


6.4.15.1. Manual Torque: 
Recommended: < 2.34 lb-ft (3.18 Nm) 
Acceptable: < 3.04 Ib-ft (4.12 Nm) 


6.4.15.2. Weight: 
Recommended: < 4.0 lb (1.8 kg) 


6.4.15.3. Grip Force: 
Recommended: < 2.0 lb (0.9 kg) 


6.4.15.4. Handle (Grip) Cross-Sectional Shape: 
Recommended: T-handle 
Acceptable: cylindrical 


6.4.15.5. Handle (Grip) Shape: 
Recommended: oval 
Acceptable: cylindrical 
Round the top of the handle 


6.4.15.6. Handle (Grip) Diameter: 
Recommended: 1.6" (41 mm) 
Acceptable: 1.2"—2.0" (30-51 mm) 
Provide larger diameter thumb stop at base of handle. 
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6.4.15.7. Handle (Grip) Length: 
Recommended: 5.5" (140 mm) 
Acceptable: 4.0"—6.0" (102-152 mm) 
Handle should be long enough so that it does not press into palm 
at base of thumb. 


6.4.15.8. Handle (Grip) Surface, Texture, Material: 
Recommended: 
High-friction or non-slip surface 
Slightly soft composite or rubber surface 
Avoid: 
Sharp edges, hard surfaces, deep ribs, or finger grooves 
Cold temperatures or metal surfaces that retain heat. 


6.4.16 Wrenches 
Figure 6.49: Wrench 


6.4.16.1. Manual Torque: 
Recommended: < 36.88 Ib-ft (50 Nm) (do not exceed the range 
for which the tool is designed) 


6.4.16.2. Weight: 
Recommended: < 4.0 lb (1.8 kg) 


6.4.16.3. Grip Force: 
Recommended: < 2.0 lb (0.9 kg) 
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6.4.16.4. Handle (Grip) Diameter: 
Recommended: 1.6" (41 mm) 
Acceptable: 1.2"—2.0" (30-51 mm) 


6.4.16.5. Handle (Grip) Shape: 
Recommended: circular 
Acceptable: oval 
Round the ends of the handles 


6.4.16.6. Handle (Grip) Length: 
Recommended: 5.5" (140 mm) 
Acceptable: 4.0"—6.0" (102-152 mm) 


6.4.16.7. Handle (Grip) Surface, Texture, Material: 
Recommended: 
High-friction, non-slip, or slightly etched surface 
Slightly soft composite or rubber surface 
Avoid: 
Sharp edges, hard surfaces, deep ribs, or finger grooves 
Cold temperatures or metal surfaces that retain heat. 


6.4.17 Precision (Pinch-Grip) Tools 
Figure 6.50: Precision pinch-grip tool 


6.4.17.1. Weight: 
Recommended: < 1.0 lb (0.5 kg) 
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6.4.17.2. Grip Force: 
Recommended: < 2.0 lb (0.9 kg) 


6.4.17.3. Handle (Grip) Diameter: 
Recommended: 0.3"-—0.6" (8-15 mm) 
Acceptable: 0.3"—0.9" (8-22 mm) 
Provide larger diameter thumb stop at tip of tool. 


6.4.17.4. Handle (Grip) Shape: 
Recommended: oval 
Acceptable: circular 
Contour shape of handle to match form of thumb and base of 
palm Round the ends of tool. 


6.4.17.5. Handle (Grip) Length: 
Recommended: 3.9" (100 mm) 
Acceptable: 2.8"—4.6" (71-117 mm) 
Handle should be long enough so that it does not press into palm 
at base of thumb. 


6.4.17.6. Handle (Grip) Surface, Texture, Material: 
Recommended: 
High-friction, non-slip, or slightly etched surface 
Slightly soft composite or rubber surface 
Avoid: 
Sharp edges, hard surfaces, deep ribs, or finger grooves 
Cold temperatures or metal surfaces that retain heat. 


6.4.18 Striking Tools 
Whenever possible, find substitutes to avoid the usage of striking tools. 
Figure 6.51: Hammer striking tool. 
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6.4.18.1. Vibration: 
Based on total daily exposures: 
4 to less than 8 hours: 4 
m/s? 0 2 to less than 4 hours: 6 
m/s? 0 1 to less than 2 hours: 8 
m/s? o less than 1 hour: 12 
m/s? 


Cover handle with vibration-dampening material 


6.4.18.2. Weight: 
Recommended: < 4.0 Ib (1.8 kg) 


6.4.18.3. Grip Force: 
Recommended: < 2.0 lb (0.9 kg) 


6.4.18.4. Handle (Grip) Cross-Sectional Shape: 


Recommended: oval 
Acceptable: cylindrical 


6.4.18.5. Handle (Grip) Shape: 
Recommended: oval 
Acceptable: cylindrical 


6.4.18.6. Handle (Grip) Diameter: 
Recommended: 1.6" (41 mm) 
Acceptable: 1.2"—2.0" (30-51 mm) 


6.4.18.7. Handle Angle: 
Recommended: handle bent 5° to 19° 


6.4.18.8. Handle (Grip) Length: 
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Recommended: 5.5" (140 mm) 
Acceptable: 4.0"—6.0" (102-152 mm) 


6.4.18.9. Handle (Grip) Surface, Texture, Material: 
Recommended: 
High-friction or non-slip surface 
Slightly soft composite or rubber surface 
Avoid: 
Sharp edges, hard surfaces, deep ribs, or finger grooves 
Cold temperatures or metal surfaces that retain heat. 


6.4.19 Clamps 
Figure 6.52: Clamp 


6.4.19.1. Handle Grip Span: 
Recommended: 2 2.0" (51 mm) when fully closed 
Recommended: < 3.5" (89 mm) when fully open 


6.4.19.2. Weight: 
Recommended: < 4.0 lb (1.8 kg) 


6.4.19.3. Grip Force: 
Recommended: < 2.0 lb (0.9 kg) 
Recommended: spring-loaded mechanism to return the pliers 
to open position 


6.4.19.4. Handle (Grip) Shape: 
Recommended: oval or flattened 
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Acceptable: circular 

Round the ends of the handles 
6.4.19.5. Handle (Grip) Diameter: 

Recommended: 1.6" (41 mm) 

Acceptable: 1.2"—2.0" (30-51 mm) 


6.4.19.6. Handle (Grip) Length: 
Recommended: 5.5" (140 mm) 
Acceptable: 4.0"—6.0" (102-152 mm) 
Handle should be long enough so that it does not press into 
palm at base of thumb. 


6.4.19.7. Handle (Grip) Surface, Texture, Material: 
Recommended: 
High-friction or non-slip surface 
Slightly soft composite or rubber surface 


Avoid: 
Sharp edges, hard surfaces, deep ribs, or finger grooves 
Cold temperatures or metal surfaces that retain heat. 
6.5 Access 
6.5.1 Machine/Equipment 
6.5.1.1. Upper-Extremity Access 


Figure 6.53: Upper-extremity arm access, shoulder to hand — 1 arm 


Table 6.21: Upper-Extremity Access Guidelines 


Minimum (Width x 
Access Type Opening Height)/Diameter 


Pa Push-button access — 1 finger 1.5" (38 mm) diameter 
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ee Knob access — 2 fingers 3.5" (89 mm) diameter 
Hand access (empty) — 1 hand 4" x 2.5" (102 x 64 mm) 


P, Pandesses inelten tient eek | en 
 [fardass Coeeonee) Tend [Reeanever | Sse 
a Hand access (empty) — 2 hands 
baa Arm access (elbow to hand) — 1 arm 
ee ed 


Figure 6.54: Upper-extremity access images referenced in Table 6.21 


1.5" Diameter : 3.5" 
) Diameter 
ss 


| 8" Diameter 


7.5" Diameter 


Other Considerations 
Add 0.75" (19 mm) if wearing 
gloves Design to minimize sharp 
edges. 


Design access openings to accommodate part size and 
hand clearance. 


6.5.1.2. Hand-Tool Use Access 
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Figure 6.55: Hand-tool access 
Ee 


Using common screwdriver, with 
freedom to turn hand through 1802 


Using pliers and similar tools 
Using T-handle wrench, with 
freedom to turn hand through 1802 


Using open-end wrench, with 
freedom to turn wrench through 602 


Using Allen-type wrench, with 
freedom to turn wrench through 602 


Using test probe 


Hae Xx 119 mm) 


5.1" x 4.7" 
(130 x 119 mm) 


5.5°% 62" 
(140 x 160 mm) 


10" x 6.3" 
(254 x 160 mm) 


4.7" x 6.3" 
(119 x 160 mm) 


3.1" x 3.5" 
(79 x 89 mm) 


Figure 6.56: Hand-tool access images referenced in Table 6.22 
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Other Considerations 
Add 0.75" (19 mm) if wearing gloves. 
Provide socket extensions to improve tool access. 
Use angled or flexible tool socket to improve tool access. 


6.5.1.3. Maintenance 

Guidelines 
Horizontal clearance: minimum 46" (1.17 m) beside or around 
a piece of equipment 
Vertical clearance: minimum 80" (2.03 m) above any piece 
of equipment requiring overhead maintenance. 
Hand clearance: minimum 2" (51 mm) between equipment to 
be removed and the surrounding equipment. 
Hand access diameter: minimum 8" (203 mm) to promote 
one-handed force exertion. 


Other Considerations 
Provide sufficient clearance or access. 
to components requiring regular 

maintenance o for maintenance and diagnostic 

equipment 

o for fixed and mobile mechanical lifting devices 

o for person-lifts and mobile platforms for overhead work 
Provide clear and unobstructed path to equipment requiring 
maintenance (e.g., no pipes to step over or duck under) 
Locate access ports to provide visual access to displays 
when adjusting. 


6.5.2 Building/Enclosures 


Please reference CORP-13-00-00-01 Global Building Policy for any building 
construction or changes. 


6.5.2.1. Whole-Body Access 

Guidelines 
Minimum overhead clearance: 80" (2.03 
m) Minimum horizontal width to 
accommodate. 


Body breadth 25" (635 
mm) o Body depth 15" (381 
mm) 
Add a minimum 4" (102 mm) to improve access comfort. 
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6.5.2.2. Whole-Body Hatch Access 
Figure 6.57: Whole-body hatch access 


Horizontal Vertical 
Hatch H Hatch 


5 


H 


Pa 
—_ Le 


Table 6.23: Whole-Body Hatch Access Guidelines 


(Floor or Ceiling) (Wall) 
recon | crear | “tiptet — 
Rectangular | Circular Elliptical 


23" x 13" 23" 26" x 29" 
(584 mm x 330 (660 mm x 737 
mm) (584 mm) mm) 


Wearing 
normal 


clothing 
Wearing 
heavy 29" x 20" 30" 31" x 34" 

(737 mm x 508 (787 mm x 864 


mm) (762 mm) mm) 


clothing 
Add 
(minimum) 
for 4" 
access 

comfort (102 mm) 


4" 4" 


(102 mm) (102 mm) 


6.5.2.3. Aisle Access 
Figure 6.58: Aisle access 


Guidelines 
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Minimum width to accommodate a single person 
transporting equipment or products: 48" (1.22 m) 
o Primary aisles: 72" wide (1.83 m) 
o Secondary aisles: 48" wide (1.22 m) 
Minimum height: 80" (2.03 m) 
Use floor markers to identify walkways/pathways. 
Where possible, avoid locating aisle against walls, as access is 
limited to one side. 


6.5.2.4. Door Access 
Figure 6.59: Door access 


Guidelines 

High enough and wide enough to accommodate materials 
and transfer systems (carts, dollies, forklifts, etc.) 

Power-assist doors for high-traffic areas 
Low-force doors where manual material handling (carrying) 
occurs Adhere to the Americans with Disabilities Act (ADA) were. 
appropriate 

Avoid having doors open into aisles. 


6.5.3 Access from Heights 
6.5.3.1. Platform Access 


Figure 6.60: Access platforms at height 


Guidelines 
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Minimum deck size 24" x 25" (610 x 635 mm) 
Adjustment mechanism: 
Preferred: powered platform 
Acceptable: hand crank of 3" (76 mm) 
For maintenance and diagnostic equipment 
Install toe plates and handrails for platforms higher than 
48" (122 mm) above floor level in North America 
39.5" (100 mm) above floor level in Europe 
Deck material should be suitable for the work 
environment (stainless steel, aluminium, chemical 
resistant, etc.) 
For additional information, refer to OSHA standards. 
29 CFR 1910.66, 29 CFR 1910.67, and 29 CFR 1910.68 


Other Considerations 
Platforms allow employees to work above floor level. 


Comfortable platform height is where the part or work is 
between waist and chest level. 
Operators shall use restraints while in vehicle. 


6.5.3.2. Fixed-Ladder Access 


If there is any regional legal requirement beyond these guidelines, 
those requirements shall be followed. 
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Refer to Company Work at Heights and Ladder Safety Procedure, CORP- 
09-04-36-00. 


Figure 6.61: Fixed-ladder access 


Passage Width: 


Rung Length: 
16" 


Rung Spacing: 
7° Min. 
Rung Diameter: 12" Max. 

75°-1.5" 


Ladder Heights: 
20 FT. Max. 
Toe Space: 7" Min. 


Guidelines 
Angle: 75°-90° from floor 
Maximum height: 20 ft. (6.1 m) without landing platform 
Minimum height extended above surface: 42" (1.07 m) 
Minimum passage width: 30" (762 mm) 
Minimum passage depth (between ladder and obstruction 
behind person on ladder): 24" (610 mm) 
Rung spacing: uniform distance, 7"—12" (178-305 mm) 
Minimum rung length: 16" (406 mm) 
Rung diameter: uniform diameter, 0.75"—1.5" (19-38 mm) 
Minimum toe depth clearance: 7" (178 mm) 
For additional information, refer to OSHA standard 29 CFR 
1910.27 


Other Considerations 
Fixed ladders are used to move vertically up slopes more than 
75° from the floor. 
Fixed ladders are designed to ascend and descend while facing 
the ladder. 


6.5.3.3. Stair-Ladder Access 
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Figure 6.62: Stair-ladder access 


For Mirae Traffic, 
Provide Separate 
Stair Ladders 


Guidelines 
Angle: 50°-75° from floor 
Tread depth based on stair angle: 
6"—10" (152-254 mm) for 50° stair angle 
5"-7" (127-178 mm) for 60° stair angle 
3"—4" (76-102 mm) for 75° stair angle 
Vertical distance between (risers): 7"—9" (178-229 
mm) Non-skid step surfaces 
Always provide handrails. 
Handrail height: 30"—34" (762-864 mm) above the 
surface Minimum railing diameter: 
Hardwood: 2" (51 mm) 
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Metal: 1.5" (38 mm) 
Maximum horizontal spacing between support brackets: 8 ft. 
(2.44 m) 
Locate intermediate rails halfway between the step and top 
rail Minimum wall clearance: 3" (76 mm) 

Minimum head clearance: 7 ft. (2.13 m) 

For additional information, refer to OSHA standards 29 CFR 
1910.24 and 29 CFR 1910.26 


Other Considerations 
Stair ladders are used to move vertically up slopes between 50° 
and 75° from floor. 
Stair ladders are designed to ascend while facing the ladder 
and descend while facing away from it. 
Mobile stairs/ladders shall have wheel brakes. 


6.5.3.4. Stair Access 
Figure 6.63: Stair access 
Tread Depth 
10.5"-12" 
“surace = fT 


a Riser Height 
6.5"-9.5" 
Step Depth 
9.5"-10.5" 
Slope (30°-35° Optimal range 
20°-50° Maximal range) 


D-—! 
Tread Overlap 
4°-1.5" 
Guidelines 
Slope: 30°—50° from the floor 
Non-skid surface on_ stair 
tread 
For additional information, refer to OSHA standard 29 CFR 
1910.24 
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Table 6.24: Riser Heights and Tread Depths Based on Stair Slopes 


Riser Height | Tread Depth 


11.0" (279 
6.5" (165 mm) mm) 


10.2" (259 
7.2" (183 mm) mm) 
8.0" (203 mm) 9.5" (241 mm) 
8.8" (224 mm) '8.8" (224 mm) 


| 502 9,5" (241 mm) 8.0" (203 mm) 


Other Considerations 
Indicate tread edges using bright or contrasting colour 
(especially first and last two steps) 


Use matte finish on steps to reduce glare from overhead 
lighting Avoid carpet patterns on stair tread. 
Handrails should contrast with wall and stair colours. 


6.6 Environment 


6.6.1 Visual 
6.6.1.1. Glare 


107 Industrial Ergonomics Standards 


Figure 6.64: Direct and indirect glare zones 


rae 
Glare 
° \ gure er” >, Indirect Glare 
15 v Zone 


(a) Direct Glare Zone (b) Indirect Glare Zone 


Controlling Direct Glare 
Position lighting units as far away from employee’s line of sight as 
is practical. 
Use several low-intensity lighting sources rather than one 
bright one. 


Use lighting sources that produce a batwing light distribution, 
and position employees so the highest light levels come from the 
sides, not front and back. 

Use lighting with louvers and prismatic lenses 

Use indirect lighting. 

Use light shields, hoods, and visors if other methods 

are impractical. 


Controlling Indirect Glare 
Avoid placing lighting units in the indirect glare zone (b, above) 
Use lighting with diffusing or polarizing lenses. 
Use surfaces that diffuse light, such as flat paint, non-glossy 
paper, and textured finishes. 
Change the orientation of the workspace, task, viewing angle, 
or viewing direction until maximum visibility is achieved. 
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6.6.1.2. Lighting 
Table 6.25: Guidelines for Recommended Range of Illuminance 


Type of Activity 


Exterior inactive storage, railroad 
Working in public spaces switching, 
with dark surroundings outdoor substations, parking areas 20-50 

Native interior storage area, exterior 
Simple orientation for short pedestrian 
visits entrances, truck manoeuvring areas 50-100 
Visual tasks performed only Elevators, locker rooms, exterior active 

100-200 

occasionally storage areas 


Reading printed material and typed 
Visual tasks of high contrast originals, 
rough bench and machine work, 
or large size ordinary 
inspection, rough assembly, loading 200-500 
docks, toilets 
and washrooms 


Reading pencil handwriting and poorly 
Visual tasks of medium printed or 
reproduced materials, medium bench 
contrast or small size and 
machine work, difficult inspection, 
medium 
assembly, welding, painting, active 500-1,000 
storage 
areas, control rooms 
Visual tasks of low Reading handwriting in hard pencil on 
poor quality paper, very poorly 
contrast or very small size reproduced 
1,000-2,000 
material, very difficult inspection 
Fine assembly, very difficult 
Visual tasks of low inspection, 
contrast or very small size fine bench and machine work 
2,000-5,000 
over a prolonged period 
The most difficult inspection, extra- 
Prolonged and exacting visual fine bench 
and machine work, extra-fine 
tasks assembly 5,000—10,000 


Special visual tasks — of |Some surgical procedures 
extremely low contrast and 10,000-—20,000 
small size 
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Measurement Criteria 
Determine the visual requirements for the task. 
Take reading at object, work surface, or display position (1 lux 
= 0.093 footcandle). 
Compare illumination levels with recommended values in Table. 
10.4 to determine the recommended illumination range. 
Fine-tune the selection based on two parameters: 
Age: If employees performing the visual task are 
o under 40, select an illumination level from lower third 
of given range. 


o 40 to 55, select an illumination level from middle third 
of range. 


o over 55, select an illumination level from upper third of 
range. 


For more reflective work surfaces lower illumination 
levels can be used. If the work surface has a reflectivity 
o > 70%, select an illumination level from lower third of 
given range. 
o 30%-70%, select an illumination level from middle 
third of range. 
o < 30%, select an illumination level from upper third of 
range. 
Note: Adequacy of light for a task can often be determined 
subjectively by questioning those routinely exposed to the 
environment. 


Controls and Considerations 
Adjustable task lighting for levels > 1,000 lux 
Head-mounted lighting (e.g., safety glasses with LEDs) 
Equipment-mounted lighting (e.g., pneumatic drivers with LEDs) 
Full-spectrum lighting 
Clean and maintain light sources regularly. 
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Table 6.26: Reflectivity of Work Surface Colours 


Colour Reflectivity 


100% 
80-85% 


70-75% 


Lime green, pale Gray, blue Gray, pink, deep orange 


Powdered chalk, pale wood, sky blue 40-45% 
Pale oakwood, dry cement 30-35% 
Deep red, grass green, pale leaf, wood brown, green, olive green 20-25% 


Dark blue, purple, reddish brown, slate Gray, dark brown 


6.6.1.3. Colour 
Indicator lights should follow standard color-coding in Figure 6.64. 
Figure 6.64: Standard color-coding for indicator lights 


Ct White = poweron 


1@ Green = normal running condition 


@ Yellow = caution/warning 


Red = stoppage or emergency condition 


Color-coding should not be the only form of discrimination 
(use labels, texture, etc.). 

For large areas, choose colours with uniform reflectivity 
(similar colours). 

Avoid bright or highly saturated primary colours (red, blue, 
yellow). In areas where highly repetitive work is performed or 
that have a 
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large amount of wall or floor space, use stimulating colours to 
highlight door features or partitions. Paint equipment in these 
areas a brighter shade than that of the room. 
Divide large areas with colours to give identity to various 
groups within them. 

Be cognizant of cultural stereotypes when choosing colour. 


6.6.2 Temperature 
There are extreme temperatures that could affect workers occupational health 
and subsequently affect the operator’s ability to meet the level of quality 
performance expected of them. For design of work areas and their strategic 
location within the facility, an engineer should take into consideration, 
sustaining ambient temperatures in work areas which will help an individual 
maintain their natural body temperature (37°C or 98.6 °F) and will increase the 
comfort of the working environment for the operator. 


There are other factors that may impact the choice of ambient temperature 
target for a given work environment. Product and/or process requirements may 
dictate a higher degree of temperature control than is strictly required for 
human comfort (especially in high precision machining or assembly). All these 
factors should be considered when selecting the designed ambient temperature 
target and range. 


For 8-hour exposures, external (outside the body) temperatures between 19 and 
26 degrees Celsius (66- and 79-degrees Fahrenheit) are considered comfortable 
for 95% of the operator population, provided that the humidity at the upper 
limit and the air velocity at the lower limit are not extreme.? The Table 6.27 
below presents recommended maximum workloads for 2-hour exposures at 
various heat and humidity levels. 
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Table 6.27: Recommended workload for temperature and relative 
humidity conditions 


Tem 


Very Hea 


Hea 


Medium 


Light 


erature 
| 80 | VeryHeay | VeryHeaw | VeryHeavy | Heavy _ 


| 80 | 
ae a eo 
110 Moderate Light Recommended | Recommended 


Maximum Recommended Work Load 
Relative Humidi 


VeryHeavy | Heavy __| __Moderate__| Light __—| 


|__VeryHeaw | Hea 
ee 
Hea Moderate Light Recommended 


Light Recommended | Recommended | Recommended 


Shoveling or ditch digging, handling moderately heavy 
cases (>15 pounds) to and from a pallet, lifting 45 pound 
cases 10 times per minute 


Cement making, industrial cleaning, large-sized packing, 
moving light cases to and from a pallet 


machining, brick laying 
operation, small parts finishing 


6.6.2.1. Heat 
Standards 


Criteria for a recommended standard occupational exposure to 
hot environments: ISO/DIS 7933, ACGIH 1992, NIOSH 1986 


Guideline 


Core body temperature should not exceed 100.4°F (38°C) 


Measurement Criteria 


Determine workload: 
Table 6.28: Workload Type by Kcal/hr 


Workl Kcal/Hour 
oad 
Light 200 


Medium | 200 - 350 


Heavy | 350-500 


Sum up kcal/minute for the various types of work 
performed during the shift (Table 6.28). 
Example: Assembly line work using a heavy hand tool: 
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Walking 2.0 kcal/minute 
Intermediate value between heavy work with two arms 
and light body work 3.0 kcal/minute 
Add 1.0 kcal/minute for basal metabolism. 
Total = 6.0 kcal/minute 
To convert from kcal/minute to kcal/hour, multiply by 
60 (360 kcal/hour = heavy workload). 
Measure environmental heat using wet bulb globe 
thermometer (accounts for temperature and humidity). 
Using Table 10.8, select the work/rest regimen that best 
describes the work situation to determine the recommended 
threshold limit value (TLV®). Compare the measured value to 
the recommended TLV to determine if heat exposure is safe. 
TLV’s are based on two assumptions: 
Nearly all acclimatized, fully clothed employees with 
adequate water and salt intake can function effectively 
under the given working conditions without exceeding a 
deep body temperature of 100.4°F (38°C). 
The resting place wet bulb globe temperature (WBGT) is 
the same or very close to that of the workplace. Where 
the WBGT of the work area is different from that of the 
rest area, use a time-weighted average. 
If heavier clothing that impedes sweat or has a higher insulation 
value is required, reduce permissible heat exposure TLV’s in Table 
10.8 by the corrections in Table 10.9. 
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Table 6.29: Assessment of Work 


Body Position and Movement Kcal/minute 
Sit 


Walk uphill add 0.8 per meter (yard) rise 
Type of Work 


Both arms, light (e.g., filing metal, 


planning wood, raking garden) 


Whole body, light 


Whole body, moderate (e.g., cleaning 
floor, beating carpet) 
Whole body, heavy (e.g., railroad- 


track laying, digging, barking trees) 


9.0 


Whole body, very heavy 
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Table 6.30: Permissible Heat Exposure Threshold Limit Values 


Workload 


Work/Rest Regimen 

a 
(Each Hour) 

86°F (30.0°C) 

87°F (30.6°C) 

50% work, 50% rest 


25% work, 75% rest 90°F (32.2°C) 88°F (31.1°C) 86°F (30.0°C) 


Table 6.31: WBGT (wet bulb globe temperature) Correction 
Factors 


WBGT Correction 
Clothing Type °C 


Summer lightweight work clothing 


Winter work clothing 


Water barrier, permeable -11 -6 


Countermeasures and Controls 

Individual response to heat stress varies widely, and factors 
like health conditions and medications can have a significant 
impact. 

Reduce air temperature to at least 77°F (25°C) and reduce. 
humidity to at least 55% (air conditioning and 
dilution ventilation). 
Increase air flow across the employee (has little effect if 
temperatures exceed 99°F, or 37°C). Generally, air 
velocity changes have a lesser impact than temperature 
or humidity changes. 
Install heat shields or other form of insulation 
between employee and heat source. 

Direct heat flow away from employee. 
Provide cooling vests with ice pockets. Discourage ice vest 
use when bending/lifting is required. 
Provide cool-off areas with large quantities of drinking 
water. For material handling tasks, multiply recommended 
load 
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weight by 

0.88 if working in a thermal environment of 90°F (32°C) to 
estimate heat-adjusted recommended lift weight. 

Wear as little clothing as is practical. Clothing should be 
absorbent (cotton), open weave to allow air to move 
across skin, loose fitting, and should reflect heat where 
appropriate (aluminium covered suits). 

Acclimatization of employees to hot work environments is an 
effective administrative control strategy; provide five 
successive days of heat exposures lasting at least one hour 
each. 

If changes to clothing are required, clothing shall comply 
with personal protective equipment requirements. 


6.6.2.2. Cold 
Standards: 


Criteria for a recommended standard occupational exposure to 
cold environments: ACGIH TLV, ANSI Z-365. 


Guidelines 
Exposure to air temperatures below 45°F (7°C) 
warrants ergonomic intervention. 
For exposures to air temperatures below 40°F (4°C), provide 
dry, insulated clothing to maintain employee’s core body 
temperature above 96.8°F (36°C). 
The environmental air, tool exhaust, and materials that 
encounter the hands or forearms should not be colder than 66°F 
(18°C) for prolonged (> 10 minutes) or repeated (> 2 times/ 
minute) contact. 
Measurement Tools 
Thermometer for environmental temperature 
Temperature gauge for measuring tools or product. 


Countermeasures and Controls 


Clothing 
All clothing shall comply with local personal protective 
equipment requirements. 
Provide three layers of warm clothing: 
Inner layer to trap warm air next to skin, 
transfer moisture from skin to outer layers 
(wool, polypropylene, silk) 
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Intermediate layer to insulate, hold still air around 
the body (wool, down, synthetic batting, polyester 
pile) 
Outer layer to resist wind and moisture, protect 
underlying layers, transfer moisture to external 
environment (hard finished, tightly woven 
fabrics, breathable coatings) 
Provide semi-permeable clothing (rather than 
impermeable clothing) to enable higher body heat 
storage and faster re-warming of extremities during 
work. 
Remove layers if activity/temperature increases, before 
the wearer begins to sweat (moisture lowers insulation 
value of clothing) 


Footwear 


Provide waterproof layers to keep feet dry. 
Shoes and boots should be oversized to allow sock layering, 
to provide the benefit of air as an insulator. 
Gloves 
Gloves should cover hands and wrists. 
Provide mittens when work involves primarily the hands 
rather than the fingers. 
Provide partial gloves, which expose the tips and 
middle phalanges of the fingers only when dexterity is 
required. 
In severe conditions, use gloves covered by mittens 
for additional protection (remove mittens when 
dexterity is required) 
Seams should not be located at the fingertips. 
Gloves should be properly sized, so they breathe and 
minimally interfere with task requirements. 
Replacement gloves should be readily available in case 
gloves get torn, wet, etc. 


Structure tasks performed in the cold for minimal downtime. 
Body heat loss in the cold is rapid and significant when a 
person is not active. Do not overwork people in cold 


weather. 
Avoid contact with metal (worktables, tools). Insulate using 
rubber, plastic, or other non-thermally conductive material. 
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Limit contact with vibrating tools; the combination of 
both vibration and cold temperatures accelerates onset 
of injury. 
Minimize fine finger movement; dexterity is reduced ina 
cold environment. 
Avoid tool exhaust directed onto the body (especially 
the hands) in a cold environment. 
Provide a facility for warming the body and/or hands 
when exposure to cold exceeds reasonable tolerance 
levels. 


6.7 Controls and Displays 
6.7.1 Visual Displays in Manufacturing Environments 


Visual display’s include paper documents, computer screens and other visual 
devices that workers may see but do not interact with. If visual displays are 
not designed and installed properly, they can cause ergonomic injuries. 


There are numerous types of displays that range from text to colour coding. 
Labels with text should be consistent, with letters arranged in the horizontal 
plane and in the upright position. For optimal legibility, the ratio between letter 
height and the distance from the worker the object should be approximately 
0.007:1, with a letter width to height ratio from 0.7:1 to 0.9:1. 


Due to colour blindness red and green may be difficult for some to distinguish 
between, if you cannot avoid the use of these colours incorporate a second 
method of identification for those with colour-blindness. Due to the physiology 
of the eye, blue for text may be an issue as the general population’s sensitivity 
to blue may decrease. For colour and surface related glare, please refer to 
section 6.6.1.1 for more explanation. 


The use of visual displays should be minimized as an operator may become 
overburdened and may not see each display. For visual display terminals (VDTs) 
an important factor to consider when designing is the amount of information 
that is presented within a screen. 


6.7.2 Controls 


Controls include push buttons, Human Machine Interface’s (HMIs), and other 
devices that the operator will physically interact with. Characteristics of 
control operation include control forces, direction, and type. During the design 
phase, these characteristics should match the range of ability for the general 
population in terms of strength, skill, and training. 

Minimize the use of controls when possible, however when controls are 
required use the following as a guide: 
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Consolidate controls by function or sequence while remembering to 
distribute groups of controls so that no limb is over tasked (arms and 
legs) 

Fast or precise movements that require less energy should be 
performed by the hands. 


Use controls that can be easily identified by incorporating different 
control shapes, colours, or locations. 
Design and locate controls so their motion and that of their associated 
displays are compatible (e.g., a rightward movement of the control 
should be associated with a rightward or upward movement of the 
associated display indicator) 
Position all controls to be operated by the hands within the operator’s 
work envelope. 

Use zero force anti-tie-down controls when possible. 
Use pushbutton controls with discrete settings (i.e., controls with 
preset operating settings) when tasks being controlled require a limited 
number of settings. Only use continuous controls (i.e., controls with 
user-adjusted operation values) where settings along a range are 
desirable. Use Tables 6.32 and 6.33 to evaluate the benefits of each 
type of control. 


Table 6.32: Discrete Adjustment Controls 


Control Characteristic RotarySelector Thumbwheel Pushbutton Pushbutton (Foot) 
Switch (Hand) 
Time required to make settings Medium Very quick 
Maximum recommended control | 3to 24 3to 24 2 
settings 
Space required Medium Small 
—+— 
Possibility for accidental Low Low 
activation 
Preferred control movement limit 270 degrees 0.32cmx2.75cm | 1.27cmx10.16cm | 120 degrees 
(1/8in x 1-1412in) (1/2in x 4in) 
Effectiveness of visually Fair to good Good Poor (unless backlit | Poor Fair 
identifying position of control yehen on) 


Table 6.33: Continuous Adjustment Controls 


Control Characteristic Knob Thumbwheel Handwheel Crank Pedal Lever 
Large forces can be developed No No Yes Yes Yes ves 
Space required Smail to medium Small Large Medium to large Large Medium to large 
Possibility for accidental Medium High High Medium Medium High 
actvaton 
Preferred control movement limit | Unlimited | 780 degrees +/. 60 degrees Unlimited Small (unless | +/- 45 degrees 

| rotary) 
identifiability of control settings Good | Poor Fair to good Fair Poor Good 
ee 1 —= ————— = — et 
Effectveness of visually Fairtogood | Poor Poor to fair Poor Poor Fair to good 
identifying position of control 
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6.7.3 Control Selection 


The following selection criteria help determine which control is most suitable 
for a specific application based on: 
Speed and accuracy of the response 
needed Space available. 
Ease of use 
Readability in an array of similar controls 


Use Table 6.34 to select the appropriate control for an application and Tables 
6.32 and 6.33 for additional detail. 


Table 6.34: Ratings of Common Controls 


Required Ease of Ease of Check 

Required Required Space to Operation in Reading in 

Operation Operation Mount Array of Like Array of Like 

Control Controls Controls 
Control Speed Accuracy 


Push Good Unsuitable Small Good Poor 
Button 
Toggle Good Poor Small Good Good 
Switch 


Rotary Good Good Medium Poor Good 
Selector 
Switch 


Knob Unsuitable Fair Small to Poor Good 
Medium 
Crank Fair Poor Medium Poor Poor 
to Large 
Lever Good Horizontal=Poor Medium Good Good 
Vertical=Fair to Large 
Hand Poor Poor Poor 
Wheel 
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6.7.4 Display and Gauge Location 
6.7.4.1. Guidelines 
Locate frequently used visual displays and gauges. 

58"— 71" (1.47-1.80 m) from floor for standing. 
workstations 
35"— 46" (0.89 -1.17 m) from floor for seated 

workstations Arrange displays and gauges in a horizontal row 

rather thana 

vertical row 


6.7.4.2. Countermeasures 
Group most frequently used gauges and displays and place them 
in the optimum viewing area. 
Angle gauge surfaces 10° downward (toward employee) from 
the vertical plane to reduce glare on them. 


6.7.4.3. Work Examples 
Monitoring machine status 
Data entry into PC on shop floor 


6.7.4.4. Other Considerations 
Limit neck bending and twisting to < 20°, eliminate neck extension 
while viewing. 
Comfortable line of sight is directly ahead and 15° below 
horizon Comfortable eye deviations are 15° above or below and 
right or 
left of the comfortable line of sight 
Appropriate location of power supply during new line 
installations Replace CRT monitors with flat screen LCDs to 
optimize. 
workspace 
Optimal adjustable display height (top of screen) 58"—71" 
(1.47— 1.80 m) from floor, or if fixed, 66" (1.68 m) 
Optimal adjustable viewing distance 18"—30" (457-762 mm) 
from floor, or if fixed, 23" (584 mm) 


6.7.4.5. Measurement Tools 
Tape measure 
Protractor, to measure angle. 


6.7.5 Quantitative Versus Qualitative Displays 


Select a quantitative display to read a precise numeric value, such as a fixed 
scale with moving pointer, moving scale with fixed pointer, or digital display. 
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Select a qualitative gauge to read approximate values or to discern a trend, rate 


of change, or change in direction. 


Table 6.35: Display Guidelines 
Type of Display 


Quantitative 


Quantitative 


Status Indicator Qualitative 


Qualitative 


6.7.6 Push Buttons 


Figure 6.65: Push button 


Preferred for quantitative readings, as 
the employee does not have to consider 
scale markings. 


Not recommended if the values are 
frequently changing, as it takes 
longer for the employee to read. 


Unless only quantitative information is 
required, digital displays should 

be accompanied by a redundant 
analog display. 


Preferred when slight variable 
movements or changes in quantity 
are important to the observer. 


Prefer fixed scale with moving pointer 
over a moving scale with fixed pointer. 


To fit human movement stereotypes, 
direction of increasing value should 
be clockwise. 


To display a discrete condition, 

for example: 

» Onloff 

» Safe, caution, critical thresholds 
» Traffic lights (red, yellow, green) 


To determine whether or not a reading 
is “normal. If several instruments for 
check reading are used together in 
panels, configure them so that any 
deviation from normal stands out from 
the others. 
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6.7.6.1. Guidelines 

Activation forces: maximum 2 |b (0.9 kg) 
Diameter: minimum 0.75" (19 mm), or 1.0" (25 mm) if 
employee wears gloves 
Separation between randomly pushed buttons: minimum 0.5" 
(13 mm), ideally 2" (51 mm) 
Separation between sequentially pushed buttons: minimum 
0.25" (6 mm), ideally 1" (25 mm) 

Provide audible click when activated. 


6.7.6.2. Countermeasures 
Hand push-button surface should be concave or provide 
friction Place buttons near corresponding display. 
Angle buttons to allow neutral hand/wrist posture during activation. 


6.7.6.3. Work Examples 
Activating cycle button ona 
machine Operating an overhead 
hoist 
Emergency stop 
buttons Clearing an 
alarm signal. 


6.7.6.4. Other Considerations 
Consider alternative controls: 
Finger swipes (light sensor switches) when 
frequent activation required. 
Palm buttons where sustained depression 
required; diameter 1.5"—3.0" (38-76 mm) 
Provide guarding ring to prevent accidental activation 
(e.g., emergency stops) 
Color-coding and alternate shapes may be appropriate 
to distinguish operations. 
If consecutive operation of multiple buttons, avoid vertical arrays. 


6.7.6.5. Measurement Tools 
Refer to push button manufacturer’s specifications. 
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Force gauge to determine finger-push force. 
Tape measure or micrometre to determine separation distance. 


6.7.7 Toggle Switches 
Figure 6.66: Toggle switch 


6.7.7.1. Guidelines 
Control activation forces: maximum 0.5 Ib (0.3 kg) 
Toggle length: 0.5"— 2" (13-51 mm) 
Minimum separation between toggle switches: 
Horizontal plane: 1" (25 mm) 
o Vertical plane: 3" (75 mm) 
Degrees of travel between settings: 40°—120° 


6.7.7.2. Countermeasures 
For discrete operation only (not when employee must hold 
control in one position) 
Provide spring-loading near centre position. 


6.7.7.3. Work Examples 
Powering on/off 


Designating high, medium, or low (or off, slow, fast) speed 
settings on a conveyor 


6.7.7.4. Other Considerations 
Alternative shapes (e.g., rocker switches) may be appropriate 
when lower profile is needed. 
Make toggle slightly longer if employee wears gloves. 
Adhere to cultural conventions (e.g., toggle switch in the 
up position indicates “off” in Europe and Asia) 
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Note shape/surface characteristics to prevent soft 
tissue compression. 


6.7.7.5. Measurement Tools 
Force gauge or transducers, to measure efforts. 


Tape measure or micrometre, to measure distances and 
control dimensions. 


6.7.8 Rotary Selector Switches 
Figure 6.67: Rotary selector switch 


} 15°- 30° 
‘Za ~> 
ti" 


6.7.8.1. Guidelines 

Force to turn switch: < 2 lb (0.9 kg) 
Minimum pointer diameter: 1.0" (25 mm), maximum 4.0" 
(102 mm) 

Switch height: 1"—2.8" (25-71 mm) from surface 

Switch width: 1" (25 mm) 
Detent positioning: 15° when knobs are easily visible, 30° 
when not, maximum 40° 


6.7.8.2. Countermeasures 
Avoid selections that are 1802 apart. Use only as much of the 
control’s 3602 as necessary to accommodate number of 
values required. 
Provide a detent or hard stop for each control position (setting). 


6.7.8.3. Work Examples 


Designating high, medium, or low (or off, slow, fast) speed 
settings on a conveyor 
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6.7.8.4. Other Considerations 
Label settings clearly, in large print or with picture 
representations Place in an easy-to-reach (and see) location. 


6.7.8.5. Measurement Tools 


Tape measure, to determine pointer diameter, length, width, 
and height. 


Pinch-grip meter, to determine amount of force employee 
typically exerts to turn switch. 


6.7.9 Knobs 
Figure 6.68: Knob separation 


6.7.9.1. Guidelines 
Forces required to turn knobs: 
Grip force: < 2 |b (0.9 kg) 
Turning force: 0.38 in-lb (9.65 mm-kg) of torque 
for precise movement (using a pinch grip): 
Diameter: 0.4"—1" (10-25 mm) 
Depth: 0.5"—1" (13-25 mm) 
Separation between knobs: 1"— 2" (25— 51 mm) for one hand, 
with gloves 
For higher force required, such as knobs opening a valve (using 
a palm grasp): 
Diameter: 1.5"—3" (38-76 mm) 
Depth: minimum 0.6" (15 mm) 
Use a knurled knob for higher force exertions. 


6.7.9.2. Work Examples 
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Adjusting valve pressure 
Setting illumination levels 


6.7.9.3. Measurement Tools 
Pinch-grip meter, to determine force required to turn 
knob Tape measure, to determine separation, diameter, 
height. 


6.7.10 Cranks 
Figure 6.69: Crank measurement 


6.7.10.1. Guidelines 
If rapid turning is required, keep force to turn < 10 lb (4.5 
kg) Handle length for use with fingers: 1.5" (38 mm) 
Handle length for use with entire hand: 3.7" (95 mm) 


128 Industrial Ergonomics Standards 


Table 3.35: Recommended Crank Shaft Length and Acceptable Torque 


Ranges 
_____ Vertical Crank on Side of Device at 36" (914 mm) Above Floor 
Shaft Length Acceptable Torque Range 
1.5" (38 mm 0-20 Ib-in (0-2.3 Nm) 
4.5" (114 mm 20-40 Ib-in (> 2.3-4.5 Nm) 
7.5" (190 mm 40-90 Ib-in (> 4.5-10.2 Nm) 
7.5" (190 mm) > 90 Ib-in (> 10.2 Nm) 
Vertical Crank on Front of Device at 36" (914 mm) Above Floor 
Shaft Length Acceptable Torque Range 
1.5" (38 mm) 0-20 Ib-in (0-2.3 Nm) 
2.5" (64 mm) 20-40 Ib-in (> 2.3-4.5 Nm) 
4.5" (114 mm) 40-90 Ib-in (> 4.5-10.2 Nm) 
4.5" (114 mm) > 90 Ib-in (> 10.2 Nm) 


Vertical Crank on Front of Device at 48-56" (1.12-1.42 m) Above Floor 


Shaft Length Acceptable Torque Range 
2.5" (64 mm) 0-20 Ib-in (0-2.3 Nm) 
2.5" (64 mm) 20-40 Ib-in (> 2.3-4.5 Nm) 
4.5" (114 mm) 40-90 Ib-in (> 4.5-10.2 Nm) 
7.5" (190 mm) > 90 Ib-in (> 10.2 Nm) 
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6.7.10.2. Other Considerations 
If using larger cranks (> 10" or 254 mm), vertical cranks mounted 
on the side of equipment may require excessive reaches. 
Provide cranks when fine and/or gross adjustment are 
necessary, and only one hand is available. 
Handle should rotate for gross adjustments but be fixed during 
fine adjustments. 


6.7.10.3. Work Examples 
Making fine adjustments on a press, lathe, and/or mill 


6.7.10.4. Measurement Tools 
Force gauge, accelerometer, or torque wrench to determine 
force required to displace hand wheel. 
Tape measure, to measure diameter and handle length. 
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6.7.11 Small Hand Wheels (< 10” Diameter) 
Figure 6.70: Small hand wheel 


A 


0.8" ime 


6.7.11.1. Guidelines 
Hand wheels are appropriate 
when 0 Significant force is 
required to Two hands are 
available. 
o Fine adjustments are not required 
Maximum breaking force: 


One-handed operation: < 29 Ib (13.2 
kg) of Two-handed operation: < 49 lb (22.2 


kg) 
Rim diameter: 0.8"— 1.8" (20-46 mm) 


Hand wheel diameter: 5"—10" (127-254 mm) 


6.7.11.2. Countermeasures 
Perform preventive maintenance (e.g., grease gear 
housings) Add a flange or notch into wheel handle to 
minimize slipping. 
during forceful turns 
Use a crank instead when tasks involve two or more rotations. 


6.7.11.3. Work Examples 
Opening and closing a valve 
Operating a knife gate 


6.7.11.4. Other Considerations 
Hand wheel orientation 
o Preferred: vertical. 


o Acceptable: horizontal 
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Vertical hand wheel height (middle of 
wheel) o Preferred: 49"—62" (1.2-1.58 
m) 
o Acceptable: 38"—74" (0.97-1.88 m) 
Horizontal hand wheel height 


Preferred: 38"—47" (0.97-1.19 m) o 
Acceptable: 30"—57" (0.76— 1.45 m) 


After using a hand wheel to close a valve, turn it back one half 
turn to prevent metal-to-metal seizure. 


6.7.11.5. Measurement Tools 
Force gauge or 
accelerometer Tape 
measure 


6.7.12 Foot Pedals 
Figure 6.71: Foot pedal 


6.7.12.1. Guidelines 

Activation force < 10 lb (4.5 kg) 

Vertical displacement: 
Pedals operated by entire leg: 2"—4" (51-102 mm) 
Pedals operated by ankle motion: maximum 2.5" (64 

mm) o Automobile brake type pedals: 2"—3" (51-75 mm) 
Separate pedals by a minimum of 2" (51 mm) 
Provide minimum 4" (102 mm) toe clearance under 
guard Provide treads to avoid slips. 


6.7.12.2. Countermeasures 
Ensure proper foot pedal 
location Light curtains or 
pressure mats. 
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Seated activation preferred, but standing activation permitted 
for infrequent, short duration operations. 


6.7.12.3. Work Examples 
Cycling a machine (switching pedal) 
Controlling machine throttle (operating pedal) 


6.7.12.4. Other Considerations 

Provide adequate accommodation for personal 

protective equipment. 

Protective guard required to discourage accidental 

activation Ensure foot pedal adheres to safety 

requirements. 

Determine appropriateness of foot pedal: 

Not recommended for standing work, except very 
infrequent use 
Very precise force exertion is best relegated to the hands. 


6.7.12.5. Measurement Tools 
Force gauge 


6.8 Laboratory 
6.8.1 Workbench 


6.8.1.1. Guidelines 


Standing 
Hand working height (from standing surface): 
General activities: 38"—47" (0.97-1.19 m), or if fixed, 42" 
(1.07 m) 
Precision or visually demanding tasks: 40"—51" (1.02—1.30 
m), or if fixed, 45" (1.14 m) 
Not-to-exceed hand working heights: < 30" (0.76 m), => 57" 
(1.45 m) 
Standing work surface depth: maximum 30" (762 mm) deep 
where employees must reach to access items. 
Knee space depth: > 6" (152 mm) 
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Hand working height for processes involving staging 
equipment: maximum 49" (1.25 mm) above standing surface. 
Rounded front edge of work surfaces or countertops 
Horizontal reach distance: < 11" (279 mm) 
Vertical reach distance: < 74" (1.88 m) above standing surface 


Seated 

Hand working height (from standing surface): 
Precision or visually demanding tasks: 27"—36" (686-914 
mm), or if fixed, 36" (914 mm) 
Not-to-exceed hand working height: 36" (914 mm) 

Knee space depth: = 18" (457 mm) 

Knee space width: = 30" (762 mm) 


6.8.1.2. Countermeasures 
Provide height adjustable work benches. 
For fixed-height workstations, account for use of 
staging equipment or fixtures 
Keep computers off the work surface to increase space and 
reduce clutter. 
Provide flat panel monitors on adjustable height fixture 
to maximize workspace. 
Place all gas valves 33"—42" (0.84—-1.07 m) above standing surface 
Ensure all tools and equipment meet recommended design. 
guidelines as described in this handbook 
Extend sink faucets to minimize 
reaching. 


6.8.1.3. Other Considerations 
Automatic bottle-cap openers allow for one-handed 
operation (unscrewing and tightening bottle caps 
automatically) 


6.8.1.4. Measurement Tools 
Tape measure (measure hand working height from standing 
surface to centre of hands while performing lab tasks) 


6.8.2 Microscope Work 
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Figure 6.72: Microscope work 


6.8.2.1. Guidelines 
Eyepiece height adjustability: => 4" (102 mm) 
Eyepiece extensions: 3.5" (90 mm) 
Eyepiece vertical displacement angle adjustability: 0°-180° 
Recommend seated use, rather than standing. 
Optimal seated eye height: 35"—46" (0.89-1.17 m) above 
floor surface, or if fixed, 46" (1.17 m) 


6.8.2.2. Countermeasures 
Implement eyepiece less viewing system or video monitor 
systems for increased field of view, longer working distance, and 
freedom of head and body movement. 
Motorized stage controllers integrate all X-Y adjustment 
knobs into one control. 
Use stage armrests 
Use rubber 
eyecups. 
Place microscope on anti-vibration platform to minimize 
vibration that may result at higher magnifications. 
Provide horizontal and vertical adjustment 
stand Provide padded forearm rest. 
Provide height adjustable chair to accommodate full range 
of employees. 
Install height adjustable work bench if optimal eye height range 
(refer to guidelines) is not achieved with eyepiece height and 
chair height adjustability. 


6.8.2.3. Other Considerations 
Employees should receive annual eye exam. 
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6.8.2.4. Measurement Tools 
Tape measure 


6.8.3 Ventilation Hoods 
Figure 6.73: Ventilation hood 


6.8.3.1. Guidelines 
Angle sash or work face of enclosure 10° away from user 
to minimize glare. 
Place ventilated enclosures on height adjustable workbenches 
to allow different working heights for each user. 
Provide recessed cavities inside enclosure to limit reaches 
to within 22" (559 mm) 
Sash opening width: minimum 30" (762 mm) 
Clearance criteria: 
Work surface thickness: < 2" (51 mm) 
o Knee space depth: = 18" (457 mm) 
o Knee space width: = 30" (762 mm) 
o Thigh clearance between seat pan and underside of work 
surface: = 8" (203 mm) 


6.8.3.2. Countermeasures 
Place frequently accessed items (trays, vials, containers, etc.) 
within an easy arm’s reach or provide turntable inside work area 
to minimize reaches. 
Alternate job tasks throughout shift to avoid sitting/standing 
for more than 2 hours at a time. 
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Construct sashes of low-glare glass 


6.8.3.3. Work Examples 
Conducting tests on slide 
samples Preparing solutions for 
testing 


6.8.4 Pipetting 
6.8.4.1. Guidelines 
Use electronic pipettes, rather than manual plunger- 
operated pipettes. 
For repetitive use, choose multi-channel pipettes, 
repeating micropipette dispensers, or motorized pipette 
dispensers. 
Use thin-walled pipette tips to reduce insertion forces to seal 
the tips and to lower the ejection forces. 
o Tip insertion forces: < 2 lb (0.9 kg) 
o Tip ejecting forces: < 2 Ib (0.9 kg) 
o Plunger actuation forces: < 2 Ib (0.9 kg) 
Provide a mechanical assist to reduce tip-ejection 
effort Triggers: 
Aspirate using the index finger 
to Dispense using the thumb. 
Use pipettes with finger trigger rather than thumb- 
activated plunger. 
Use a non-axial design, rather than an axial (in-line) design 
to promote neutral postures. 
Handle length: 4" to 6" (102 to 152 mm) 
Handle diameter: oval or cylindrical 
Handle surface: slightly soft composite or rubber surface 
Pipette weight: < 6 lb (2.7 kg) 
Ensure the handle has a finger hook at the top to 
provide microbreaks from supporting the pipette. 
If a curved-hilt handle is not provided, consider a pistol- 
grip attachment. 


6.8.4.2. Other Considerations 
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Mount forearm supports on work surface to facilitate 
neutral postures and reduce fatigue. 
Provide a pipetting aid to enable user to grip pipette with 
power grip. 
Limit time spent pipetting to 20 minutes followed by a 2- 
minute microbreak. 

Limit pipetting to 2 hours daily 
Pipette should incorporate a positive stop to indicate when seal 
is made. 

Clean pipettes regularly to reduce sticking. 


6.8.5 Gloveboxes 
Figure 6.74: Glovebox 


6.8.5.1. Guidelines 


Standing glovebox criteria: 
Height of arm opening 48"—52" (1.22-1.32 
m) Glove port opening 8" (203 mm) 
Port distance (centres) 15"—19" (381 mm-483 
mm) Glove length 32" (813 mm) 
Window slope 102 


Seated glovebox criteria: 
Height of arm opening 48"—52" (1.22-1.32 
m) Glove port opening 8" (203 mm) 
Port distance (centres) 15"—19" (381-483 mm) 
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Knee space depth = 18" (457 
mm) Knee space width > 30" (762 
mm) 
Thigh clearance between seat pan and underside of work 
surface 2 8" (203 mm) 
Window slope 102 


6.8.5.2. Other Considerations 
Ensure that window height, length, and angle are appropriate 
so that work can be comfortably performed in all areas of the 
glovebox. 
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Logistics & Material Handling 


Purpose 


Within the framework of the production system, this guide serves as an aid for the 
design, implementation and improvement of the workstations including logistic 
operations. 


It's a guide intended for the designers and the Logistics Department to optimize 
the production system. 


This document summarizes the main ergonomic specifications and provides the 
general principles for an ergonomic approach to workstation design and for the 
improvements in the logistics perspective. 


Unless specified otherwise, all dimensions are inmm. 


The recommendations are those of if the local legal requirements are more 
stringent, these are to be used as the reference standard. 


Glossary 

RC: Rolling chassis CSR: Safety or regulatory characteristic 
LP: Large package HU: Handling unit 

SP: Short package CU: Conditioning unit 


HCU: Handling and conditioning unit 
7 General 
7.1.1 General design principles 


Design of a workstation adapted to the activity and characteristics of the operator 
is a complex procedure requiring the best possible compromise to be found 
between: 

Operator abilities 

Technical constraints 

Investment costs 

Operating costs 


PROCEDURE: 
Describe probable future activities. 
Determine the type, frequency, and places of activity of the different people 
involved. 
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Check work postures and efforts in accordance with the anthropometric data. 
Privilege easy movement and easy setup of parts and packages. 

Plan a workspace adapted to all lengthy or frequent operations or operations. 
performed at a height. 

Avoid isolated workstations. 

Privilege direct perception of equipment operation and part flow paths. 
Determine the appropriate environments (lighting, noise, etc.) for each place of 
work. Anticipate the traffic flows of the operators, trolleys, and trucks, rolling 
chassis, parts, components, tools, chemical products, effluents, or waste, etc. for 
equipment layout and passageway dimensioning. 


1.2 Anthropometric data 


These values correspond to a work situation where shoes are worn (equivalent to 30 mm). 
The basic anthropometric data is given for three categories of operators: Tall, Average, 
Short. 
The data in brackets is suitable for persons of Asian or Mexican origin. 
Several rules must be observed: 
Recesses and access dimensions (accessibility) must take "Tall" category operators 
into consideration. 
"Reach" areas must be accessible to operators in the "Short" 
category. Introduce, as much as possible, the possibility of making 
adaptations Add 10 mm to allow for caps or helmets being worn. 


141 Industrial Ergonomics Standards 


Head 
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7.2 Line side distribution 


7.2.1 Line side accessibility 


1. Distribution on both sides of the aisle 


Two-way: pedestrian aisle width is included in traffic aisle width and acts as an 
area of movement for Small Package (SP) provisioning/procurement. 


Add 800 mm on the other side of the traffic aisle to have a second area of 
movement for provisioning that may also be used as a pedestrian aisle. 
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One-way: add two 800-mm distribution areas that may also be used as 
pedestrian aisles, on each side of the traffic aisle. 


Example for a 1200mm rolling chassis. 


po twoway ne way 
D. 2200+800=3000 mm (No 
pedestrian aisle is included in the 


B. 3200+800=4000 mm (a single width of the one-way traffic aisle. The 
"+2 pedestrian pedestrian aisle is included in the width of the two pedestrian aisles 
aisles acting as width of the traffic aisle. The second | acting as distribution spaces is to be 
distribution areas pedestrian aisle is to be added) added) 


Enclosed areas and dead ends are to be avoided. 
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If the widths of two-way traffic aisles are not observed on the existing installations, 
take the following steps in the order shown: 


Create one-way aisles with refuge areas (in the case of two-way aisles) 
Modifier the distribution circuits 

Define rights of way 

Perform residual risk analysis. 


Do not obstruct the pedestrian aisles and/or distribution areas. 


2.1.2. Intersections 


Privilege visibility in the vicinity of intersections 


Avoid storage areas in the vicinity of . | 


intersections and, if necessary, 
restrict their height: 


1500 m if only forklift trucks pass ‘ Pz in 
1000 mm in all other cases ' rece em 
NS 


Ensure that intersections are clear and ——— 
‘ é = Ot 
laid out with cut corners and wide i 
shoulders. S 
Dimension of cut corner c 
= 1000 for an aise width 


of 2200 


As an ultimate resort, install mirrors 
for improved visibility: 

- angled and mounted on a fixed 
support opposite the intersection 

- or install hemispheres suspended 
from the roof structure 


2.1.3 Train length 


Rolling chassis train length must be defined by the site with Department 65933 (DPSI) 
according to the trailers towed and in compliance with the following recommendations: 


To allow safe restarting, the operator must always be able to see the entire length of 
the train before initiating any manoeuvre, particularly after stopping for a delivery. 


Ensure safe traffic flow throughout all workshops, i.e., ensure that the length has 
been defined according to: 
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Maximum vehicle tow load and turning circle. 
Aisle widths 

Bends 

Uphill or downhill slopes 

Rolling chassis manufacturer recommendations 


2.1.4 Organization of rolling chassis trains of differing sizes 


The trains must be made up in the order of delivery while observing the following 
safety precautions: 


The heaviest and largest rolling chassis must be placed just behind the handling vehicle. 
The lightest and smallest rolling chassis must be placed at the end of the train. 
Avoid, in as far as this is possible, mixed rolling systems in the same convoy. 


2.1.5 Vehicle speed in the workshops 


Rolling chassis tow vehicle speed is restricted to 10 Km/h maximum. 
The speed of all other vehicles is restricted to 12 Km/h maximum in all buildings. 


2.2 Line side station layout 
2.2.1 General 


Line side layout must allow the ergonomic constraints (frequency/weight/height of the 
package or part) to be complied with on both sides of the line side. 


All items must be placed: 
In the ergonomic window on the operator side corresponding to part weight and 
pickup frequency 
In the ergonomic window on the supplier side (see p.11) 
In such a manner as to limit moves. 


2.2.2 Small package (SP) provisioning 
Several types of station organization may be used to manage small packages: 
1- SP on rolling chassis 


SP pickup height on the rolling chassis must comply with the dimensions of the 
ergonomic window: 
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Min, pickup 
height = 


SP pickup: 


Handrail 


—— H = 1000 to 1200 


<a 


Standard tow bar 8) t 
(hooked/unhooked by foot 800 mm min. 


Get as close as possible to the tow bar. 
to pick up the SPs the furthest away. 


Max. pickup 
height 

= 1500 to 
comply with 
the ergonomic 
window 


If the SPs cannot be picked up or the 
weight of the most distant stack 
makes it difficult to bring it close: 
¢ Go round the rolling chassis. 
e Unhook the tow bar to pass 
between the two-rolling 
chassis. 


WARNING! Such situations are to be 
avoided in all other circumstances (risk of 


accident and increased physical strain) 


Carrying a load of more than 6 kg over 
more than 5m is to be avoided. 
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Space = 800 
Prohibit sideways twisting Two steps may | 
and turing the upper body while carrying the load be taken 


to turn 


steeply, etc. it is preferable that platforms 

that pivot 360° be installed, while checking: - 

their stability 

-their locking (risk of unlocking during while 
moving) 

-Turning force (equipment ageing) 

- Noise 


- Risks of getting caught/pinched 
.e@, i getting caught/pi 


To avoid the operators having to step over tow. 
bars or go round the rolling chassis or lean over. 
-SP on floor pallet 


Small package pickup height must also comply with the dimensions of the 
ergonomic window: the pallet cannot be directly placed on the floor without 
any development work being undertaken. 
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-SPs provisioned in dynamic cabinets 


The cabinet is organized as per the following chart. 


SP weight 


> Sto 
=12kg 
WTA 
I 


TTT 
un 


% of SP flows (No. of SPs per day per operator) 
For high flow rates, prefer return to a specific cabinet 
* exceptional means intermittent, i.6, frequency =10 lirrresdh 


The chart shows the weight distribution of the containers handled by the logistic 
operator according to handling height and allows workstation posture constraint level 
to be determined: 


Level 3— Acceptable Posture Constraint 

95% of SP flows compliant with the recommendations. 
Level 4— High Posture Constraint 

80 to 94% of SP flows compliant with the recommendations. 
Level 5— Extremely High Posture Constraint 

Less than 80% of SP flows compliant with the recommendations. 
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2.2.3 Workstation improvement rules for SP provisioning 


In addition to the recommendations, the following recommendations must also be 
complied with: 


1 - Front separation distance 
Limit the distance between the operator and the container handles. 
Ensure that there is no obstacle at the level of the lower limbs. 


2 - SP stacking 
For moves with several stacked containers 


Re ee PR Pee reese 
OT VISIO! Pal. 
2) i on Lical 


ka sl we la + 
kg total weight. 


3- Provisioning in the dynamic cabinet: general cabinet design 


To reduce the risk of getting caught, the minimum space available for the passage of 
hands must be: 

130mm for a dynamic cabinet with no shelf 

80mm, if equipped with a shelf. 
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To facilitate the 
stacking, in 
particular, of two 
SPs, prefer 
installation of a 
shelf, 
otherwise, install 
roller brakes 


Ensure there is a break-free slope with a minimum angle of 3°. 


Install rails between each line item and limit the spaces between the rollers as far 
as possible to avoid any blocking of the packages during travel. Install brakes to 
reduce the risk of the package falling. 


—Return of empty SPs 
Observe the ergonomic recommendations on dynamic cabinet layout 


improvement (p.11). 


Avoid the systematic return of empty SPs by the upper level of the cabinet: 
If possible, install dedicated areas for the return of empty SPs. 
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There is also the possibility of planning for the return of empty SPs via the front if 
the workstation allows this or by the rolling chassis dedicated to the return of 
empties. 


Full SP provisioning 


= OS) AEAS 
- SSeS 


Return of empty SPs 
—_—_> 


Full SP provisioning 
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—Elevated storage cabinet 


If the use of elevated (H > 250) storage cabinets or high-position provisioning cannot 
be avoided: 


1-—It is preferable that an inclined plane be installed (particularly if climb frequency is 
15 times/hour or more). 


Slope angle < 15° i.e. a rise of 26 cm per 
meter 


ht adjuster height R > 500: install 


4 


2 — Otherwise, install access steps if the climb frequency is less than 15 times/hour or if 
a slope of 15° or less cannot be obtained 
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Optimum 
step 
dimensions Trd=2 


H=170 


2.3. Strike Zone 
Strike zones allow: 


The ergonomic window to be privileged for line side provisioning. 
Assembly operator moves to be reduced. 
The workstation to be rendered insensitive to diversity and thus the 
cognitive constraint on production operators to be reduced. 
The risks of non-compliance to be reduced. 

The ergonomic recommendations apply to these zones: 


In the ergonomic window on the operator side corresponding to part weight 
and pickup frequency 
In the ergonomic window on the supplier side (see p.11). 
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7.3 Package design 
7.3.1 Choice of packages: General 


Packages are composed of four main categories: 
Conditioning Units (CUs) (containers) 
Handling and Conditioning Units (HCUs) (steel bins) 
Handling units (HUs) (pallets) 


These can be broken down into SPs (small packages) or LPs (large packages). 
Packages may be of standard (standardized dimensions) or specific type. 


The choice of packaging must: 
Take account of part type, diversity, and workstation layout 


Ensure an SP total maximum loaded weight of 12z kg (10 kg for a package of 
more than 1000 mm in size) 


Allow easy handling, particularly for bulky packages 
Allow easy part pickup/putdown in the package. 


Examples: 


O Large parts: prefer vertical packaging 


WV | 
—_— 
Decking Side loading 


CJ small decorative or Specific parts: specially developed packaging may be used 


Lower loading 
level 2 500 
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3.2 Small Packages (SPs) 
3.2.1 General 


Generally: max. weight = 12 kg 
Max. packaging size: 1200 mm X 500 mm 
If SP length = 1000 mm to 1200 mm: max. weight = 10 kg 


3.2.2 Optimum characteristics 
Length = 400 mm 
Height = 300 mm 


The package surface must be flat and not slippery. 

Package content must be stabilized (not free to move). 

The package must not have any sharp edges. 

It must be possible to grip the package while wearing gloves. 


1— The specific characteristics of plastic containers 


They must be equipped with handles positioned in the centre of the shortest side 
of the package: 


And if SP length is greater than 1000 mm, the number of handles required for 
correct gripping must be provided. 


Optimum handle characteristics 


Depth (Y) = 20 mm (acceptable between 10 and 30 mm) 
Height (Z) > 40 mm 

Length (L) = 120 mm (acceptable between 110 and 130 mm) 
Semi-oval shape 

Smooth, adherent surface and no finger shaped grips 
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Pickup conditions according to packaging size 


I 


| Width | < | e350 | -364to500 | > | > 500 | 


S6itot000 | > 1000 
[Heioht | s250 | _2sttoas0 | > 450 


ES Compensation measure: 
yy 4 SP weight < 10 Kg. 

5 

> Recommended Mandatory 


The "Recommended" column gives the three maximum recommended package 
dimensions to facilitate package handling and reduce the risk of elbow, shoulder, or 
back pain. 


If at least two of the dimensions fall within the values given in the "Constraining" 
column, it is recommended that SP weight (when full) be reduced to less than 10 


Kg. 


If one of the dimensions falls within the values given in the "Poor" column, the 
latter measure (reduction to less than 10 kg) must be taken (mandatory). 


2- The specific characteristics of folding containers 


To avoid the occurrence of Cumulative Trauma Disorders (CTDs), the following 
recommendations must be complied with: 


Folding of these containers must not require the operator to use his hand 
as a percussive tool. 


The limit of the force to be exercised to fold this type of package is 3 daN or kg 
on the fingers while holding the container by the top. 


3- The specific characteristics of cardboard boxes 


The box must be of sufficient quality to avoid Telescopic cover 
collapse The box must have a telescopic cover. A. «a 
The box must be able to be opened safely in _——__| 
all circumstances. [eed 


The box must have slots on its shortest side to allow handling if it weighs more 
than 10 kg. 


156 Industrial Ergonomics Standards 


3.2.3 SP handling force/effort 


To check whether the daily effort constraint is acceptable, use the chart shown 
below, that combines: SP Weight (kg) with Daily Tonnage/Operator 


SP weight (kg) 


Level 3 — Recommended Force Constraint 
Level 4 - Constraining Force Constraint 
Level 5 - Poor Force Constraint 


0 2.5 5 75 10 12.5 15 


Daily Tonnage/operator 


Example: for an SP of 10 kg, the operator can handle a maximum of 7.5 metric 
tons/day for a workstation rated 3 for Effort, i.e., approximately 1 metric ton/hour, 
that is 100 SPs per hour. 


Reduce the values by 30% for female operators. 

Calculation rules: 

The rating is based on a mean effort evaluation and a maximum effort evaluation. 
Mean effort: weighted mean weight of the containers and total tonnage handled by 
the operator per day. 

Maximum effort: weighted weight of the heaviest container and tonnage handled by 
the operator per day for this container. 

The two points thus obtained allow two rating values to be obtained on the chart. 
The least favourable value is retained. 

Weighting: when a weighting is applied, multiply the weight by the coefficient (1.5) to 
obtain the weighted weight: 


Pick up at floor level or above head height 1.5 


=a Container carried while climbing or descending stairs 


| P3__| If transport distance is more than 14m 
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3.3 Large Packages (LPs) 
3.3.1 General 
LP requirements must take the following aspects into account: 
Allow correct operator posture when picking up or putting down the part: 
By LP design 
By workstation improvement 
Ensure locking and structural solidity for transport by rolling chassis, forklift truck, truck, etc. 
Limit noise 


Avoid the operator getting caught | During packaging folding/unfolding operations 
Avoid percussive use of the hands 


% Be 


3.3.2 Package design 
1— Package folding/unfolding efforts 
Standard LP 
Limit efforts to 5 kg per package item (grid, stand, etc.) and to 12 kg for 
an assembly (2 stands+1 grid...) 
Perform LP maintenance to conserve these effort limits over time. 
Specific LP 


Limit efforts to 5 kg per package item (grid, stand, etc.) 


Folding/unfolding efforts: target = 12 kg per assembly. Beyond this value, use 
onboard power assist equipment (actuators, leaf springs...) without exceeding 
18 kg. 


Locking bar installation efforts: target = 5 kg without exceeding 8 kg 
Perform LP maintenance to conserve these effort limits over time. 


Locking/unlocking system (for stands, grids, etc) 


Prefer a simple system (tab type) offering a good grip. 


For specific LPs, allow a space of 30 mm minimum at the locking bars if they 
have a lock, to avoid catching/crushing of hands between the LP handle and 
stand. 
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Both hands are not 
£ used, so a 30-mm 

space between the 
bar and the upright 
is required. 


Both hands 

are used, soa 
30-mm space 
is not required 


land 
holding 


Handle : upright for 


Leave a 
30-mmvapace assistance 


2 - Noise 


Packages are a major source of workshop noise during the folding operations (shocks 
between the metal grids) and during handling (grid vibration and nose from the parts 
during movement). 


In the framework of employee protective measures, it is forbidden to exceed: 
85 dB(A) during daily exposure 
Or more than 137 dB(C) peak sound pressure 
When either of these two values is reached, personal safety equipment must be 
worn and must be checked before being issued. 
LP folding rule: 
For standard LPs, folding must be performed outside the assembly areas. 


For specific LPs and specially developed LPs, folding may be allowed at the line 
side if they are equipped with damper stops. 


In general, the use of damper stops on the LPs and/or rolling chassis to absorb 
noise should be privileged (unless an onboard power-assist is installed). 


3-— LP size: design rules 


Optimum part pickup depth without entering the package = 600 mm maximum. 


This dimension corresponds to the operator's reach area excluding any 
specific arrangements/design improvements. 


Beyond this dimension, the recommendations are: 


Standard and specially developed standard LPs: plan for workstation or rolling 
chassis improved workstation or rolling chassis layout/design to allow access to 
the back of the package (see section 4.2) 
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Specific LPs: 


Depth < 1000 mm (for part pickup): plan for the operator to place one foot in the 
package or provide a recess if it complies with the recommendations given on 


p.23. 
A 


cy 

bh | 
‘a! 
ey 


| 
= 


ts 


The step may be cut off and replaced with a slope (for step or slope dimensions, see. p.15) 


Depth > 1000 mm (for part pickup): plan for the operator to enter the 
package. 
The packaging must thus be 
equipped with: 
Decking in front of the packaging to 
maintain the same work height. 
A bottom made of anti-slip 
material in the operator entry 
area. 


Decking 


The recess allows the problem of an excessively low part pickup height to be resolved. 
It must comply with the following recommendations: 

For a package of 1200 mm, 
the max. dimensions of the recess 
are width 550 mm and depth 500 
mm. 

Beyond these values, a specific 
study must be performed. U / 

Avoid any risk of feet or ankles 
getting caught (by rounding the 
corners of the recess for example) 
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Passage Sideways Full on 


of the body 600 mm 800 mm 
Obstacles: 
of the feet 450 mm 450 mm runners, rails, ag 
cross members, 83) He 
posts .>» ; 


Do not forget to take the space required for part handling and the dimensions at foot 
level into consideration. If two operators enter the package simultaneously, the passage 
space required is 1200 mm, and 450 mm for each operator's feet. 


4— Separators and cover 
Do not use bulky, heavy separators or covers. 
If part storage requires separators or a cover: 
Their weight must be less 10 kg maximum (particularly if their size is more than 1000 
mm) 
Beyond 10 kg, if possible, plan for a power-assist compatible with part pickup or 
cut them in two to facilitate handling (for separators only) 
Plan for their evacuation to the workstation as close as possible to the package, in 
the same way as for the evacuation of consumable items. 
If the separators are manually handled, pickup equipment (openings, handles...) may 
be added and must comply with the following recommendations: 
Grip areas: 
e Separation 
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—_ Forbidden area 
| Tolerated area 
= Authorized area 


¥ Pickup equipment dimensions: 


_ [110 to 130 mm 


3.4 Labels 
Labels must be horizontally positioned with the package in its normal position for 
correct legibility and to allow automatic read operations. 
Lower case letters are to be preferred for continuous text. 
The characters should be a big, tall, and bold as possible: the recommended sizes are 
standardized by Galia, but below 9 mm legibility at more than 4 m is poor. Attention 
must be paid to the risk of easily confused characters: examples. 
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Example of easily-confused characters 


OandQ CforG 


O and 0 (Zero) 


7.4 Handling aids 
7.4.1 Rolling chassis. 
4.1.1 General 


Trolleys whose base height varies according 
to load allow part pickup or putdown posture 
to be improved 


Minimum 50 mm 


Fixed and/or variable 
height trolley 


Minimum pickup 
height > 500 mm 


1000— 1200 mm 


iM 


oe 


If the parts are oily, plan for a container to recover the oil. 
In the immediate vicinity of the workstation, prefer trolleys with small 
overall dimensions. 
Plan for regular servicing of the trolleys and floor surfaces (that are to be flat 
and anti-slip) 
To limit noise: 

-Limit play to reduce noise and jerks 

-Prohibit the use of metal wheel coatings 
Equip the trolley with buffers at all four corners to avoid tipping in tight bends, 
during unbalanced (asymmetric) (un)loading, or in the event of a wheel breaking 
The edges of the rolling chassis should be rounded to avoid any risk of 
injury/damage. 
due to sharp edges. 
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4.1.2 Guide to rolling chassis related technical choices. 


Technical aspects affecting rolling chassis ergonomic. 


Provisioning ety / Pace: 
Technical aspects vrability height wal or a 
aay 1d distro ksiation 


| Correct floor surtace | floor surface 


if high center 

of gravity 

tow bar may 
Heavy load (> 600 kg) k 1 | break or twist 


Wheel selection help 


2 fixed +2 res | 

res | comer 

2 fixed +2 = 
= 

Number & positios 2 ied? 4 cmame | | 

ge rolli 

7] wheels ae on | a 

bari ee 


| Rewotnane® | 
= = 


| immobilisation | 
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Platform selection help 


Provisioning Safety’ 
dietance the saorkokallo ing 


See Cléon 
rolling chassis 
Avoid welded 
sheet metal 


Fixed device 
(tit mechanism, 
height adjuster 


Design choice 
we to 


het — Provided that 
assis is 
Tiltable handled withthe When ited | eek is Calipred with 
actuators 
Lae 
Fork passageways H 
or openings 


ee a 


Poor 
Not concemed / 
Irrelevant 


* only for the specific item 


Rolling chassis or trolley handling effort 
Moves of more than 50 m are to be prohibited for safety 
reasons Prefer pushing effort to pulling effort. 
This pushing effort (or starting effort) is restricted to18 kg. 
The rolling effort is restricted to 10 kg. 
For female operators, the pushing effort is to be restricted to 15 kg. 


The conditions in which the starting and rolling efforts are measured must replicate the 
real conditions in which the rolling chassis or trolleys are handled by the operators. 


4.2 Help with choice of workstation improvement according to container 
The choice of line side provisioning mode must allow good production operator posture to 
be maintained when picking up parts from the package. 
If LP provisioning is performed at the workstation by forklift trucks, the 
workstation improvement recommendations are those given in the document 
"Production ergonomics”. 
If line side provisioning is performed by rolling chassis, these improvements must be 
made on the rolling chassis themselves or by improving the workstation to allow the 
rolling chassis to be mobilized with its package (tilt, handling...). 
There are several types of possible improvement: 
Rolling chassis with fixed height adjuster 
Rolling chassis with 2-position tilt mechanism (tilted or not tilted) 
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Constant tilt rolling chassis. 

Rolling chassis with elevated pivoting platform 
Rolling chassis tilt mechanism 

Elevating or pivoting table for rolling chassis. 


The guide to rolling base related technical choices (cf. p.25) may help in selecting the 
best possible type of improvement/development. 


If use of a power-assist is required to pick up the part in the package, this solution must be 
considered when selecting the type of rolling chassis improvement to be undertaken. 


To summarize, the ergonomic recommendations are the following (for more 
detailed information, refer to the previous tables): 


Platform: - Rotating 
/ - Tilting 
Manoeuvre 2 : 
handles Equipped with dampers 


H = 1000 to 1200 / - Equipped with gullies to facilitate loading 


mm 


Automatically 
lifting tow bar 


==] es) 
as for insertion of : O a 
¢ } forklift forks Diamond layout or coupled to two pivoting axles 


Suspension made of Revvothane (R) 


Fiat and non-slip flooring Starting efforts < 17 Kg * Diameter = 200 wen 


Rolling efforts < 10 Kg ~ Width = 50 gt 
- Tread width = 30 mm 
Rolling chassis: Max. load = 600 Kg - Unbraked 


Tare weight= 100 Kg 


4.3 Forklift trucks 
Operation in reverse gear must be avoided. 

Reverse is used if the load transported does not allow the forklift driver to have 

sufficient visibility when driving in the forward direction (height of the load). 
Recommendation for the seat (anti-vibration) 

A seat with suspension allows the vertical vibrations transmitted to the operator to 

be reduced: 
The type of suspension used must be adapted to the vehicle on which it is installed. 
The seat must be equipped with easily identified and easy-to-use settings allowing 
the driver to adjust the seat according to his weight and size... 
The height of the backrest must provide support and improve the operator's posture 


when driving in reverse (in theory, it should be able to be adjusted to between 500 and 
650 mm). 
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4.4 Rolling chassis tow vehicles (tractors) 

The choice of handling vehicles should allow the systematic climb/descent moves of the 

line side supplier to be reduced by taking the following recommendations into account: 
Prefer vehicles that can be driven in a "seated standing" position and with an 
extremely low floor pan. 


Privilege the possibility of remote-controlled vehicle operation in the distribution 
areas (provided that the driver always has a clear view). 


7.5 Storage area organization 

7.5.1 Reception 

On the labels, check that the terminal address and storage (or delivery) location or 
final assembly point are correct. 

Notes: 


Ensure that the labels can be read in the label-holders (the bar may obstruct the view, or 
the label be too large). 


The distributor requires the product reference (Part Number) to perform a final check at 
the assembly point. 

The CSR (safety or regulatory characteristic) item must be noted when 

appropriate the quantity per CU allows the operators to check stocks in the 

storage area. 


5.2 Gravity distributor devices 


These comply with the line side cabinet recommendations (see p11) for the 
ergonomic window while taking the frequencies of pickup and putdown in the 
gravity distributor into account. 


They are developed while also taking the following recommendations into 
account (particularly in the storage areas): 


Restrict storage levels to 3 levels maximum to avoid extreme postures. 
Lower level for pickup of small sizes and weights: less than 4 kg at 525 mm 
Maximum pickup level: 1500 mm (see diagram below) 

Ensure there is a break-free slope with a minimum angle of 3° 
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Determining gravity distributor height according to length 


Putdown side Pickup side 


All dimensions are in MM 


Gravity Distributor 
length 1000 2000 3000 4000 5000 6000 


525 525 525 525 525 
670 742 815 873 959 


925 925 925 925 925 


9e7| 1050 112|_ 11741 12341297 


Note: However minimum picking height can be 725 to 750 mm by considering bottom 
return of the crate/bin. 


5.3 Palletizers 
Palletizer development 


For the lower levels, plan for rolling chassis with handles complying with the 
recommended height (see the rolling chassis recommendations) and the lifting 
force. Otherwise, plan for a lower level on rails (drawer type). 

For heavy packages, plan for on-ground storage or, better, on an elevating 
table (under no circumstances in the palletizer) 

Pickup depth in the palletizer: (00mm maximum (if no drawer) 
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, Palletizer 


Palletizer 


Wheeled drawer under palletizer shelving 
loor 


> Palletizer organization 


Y The palletizer should preferably be organized in the opposite order to delivery 


Penfeses fester lesa feat 
Vester este Wesfarl 


Order of pla t 
on the rolling chassis _ Direction of distribution at the line side 
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5.4 Delivery preparation organization 
There are two modes of organization. 


Synchronized production. 
The withdrawal record allows delivery preparation to be optimized by noting the 
references (Part Numbers) and exact quantities to be loaded. 
On-sight management 
This operating mode must allow the supplier to: 
Know workstation autonomy to allow anticipation (a minimum of 2 hrs stock including 
a safety stock). 


Have a means of memorization, such as listing showing the delivery times 
and approximate quantities to be delivered. 


Delivery organization must be consistent with the FIFO principle. 


Line side frontage depth must be compatible with delivery organization (on-ground storage 
is forbidden). 


5.5 Traffic flow in storage areas 

To reduce the mental load on the operator responsible for preparation (stores clerk) and 
thus allow him to anticipate any arrival of forklifts of tractor type handling vehicles in the 
storage area, the following recommendations must be respected as far as possible: 


Avoid crossroads (four-way intersections): prefer "T" intersections. 

Prohibit pedestrian access and provide fluorescent jackets or other fluorescent 
accessories for authorized personnel. 

Prefer one-way aisles or aisles with a fixed right of way to avoid any risk of collisions. 
Avoid simultaneous combined use of trolleys and forklifts. 

Install traffic signals (e.g., "STOP" signs) at the ends of aisles and other critical locations. 
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8. References: 
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Reference Data: Ergonomics Condition — Strike Point & Strike Zone 


Height 900 mm 
> 


400 mm 


= 
= 
=) 
sm 
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Reference Data: Ergonomics Condition — Lift Assist / Tackles 


Place tension or balance control of height adjustment 
ithin easy reach 

Use floating handles to maintain consistent hand height 
Design product packaging to allow access for lift assist 
Lift assist material should be lightweight 

Hinged arms provide more flexibility and maneuverability 
han fixed arms 

Preventive maintenance of lift assist device 
Label and color-code controls (up/down) to minimize 
error 

Involve employees during prototype and testing; work 
ith vendors to trial lift assists 
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Reference Data: Ergonomics Condition — Standing Arm Strength 


Frequent (2 2/min) Infrequent (< 2/min) 
Push out at 6.8 lb 10.2 Ib 17.0 Ib 22.1 Ib 


shoulder height 
~1 hand (3.1 kg) (4.6 kg) (7.7 kg) (10.1 kg) 


. | Push out at elbow 7.4 Ib 18.5 Ib 24.1 Ib 
height - 1 hand (3.4 kg) (8.4 kg) (11.0 kg) 
. | Push out at elbow 11.8 Ib 17.7 Ib 29.5 Ib 
height — 2 hands (5.4 kg) (8.0 kg) (13.4 kg) 


Pull in at shoulder 7.0 Ib 10.5 Ib 17.6 Ib 22.8 Ib 
height - 1 hand (3.2 kg) (4.8 kg) (8.0 kg) (10.3 kg) 


. | Pullin at elbow 7.5 lb 11.2 Ib 18.7 Ib 24.3 Ib 
height - 1 hand (3.4 kg) (5.1 kg) (8.5 kg) (11.1 kg) 
Pull in at elbow 13.1 Ib 19.6 Ib 32.7 Ib 42.4 Ib 
height - 2 hands (6.9 kg) (8.9 kg) (14.8 kg) (19.2 kg) 


Pull down from 
overhead 
— 2 hands 


Pull up from 
knee height 
- 1 hand 


Pull across body 
(lateral) at 

waist height — 1 
hand, elbow fully 
extended 


(12.2 kg) (20.3 kg) 


9.5 Ib 15.8 Ib 
(4.3 kg) (7.2 kg) 


Pull across body 

(lateral) at waist jf 5.0 Ib 
height — 1 hand, a (2.3 kg) 
elbow at 90° 


Lift up at shoulder 
height — 2 hands 
Lift up at elbow 
height — 2 hands 


19.2 Ib 30.0 Ib 
(8.7 kg) (13.6 kg) 
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Industrial Workforces 
Fatigue Reduction 
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